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SELECTION OF UNIVERSITY 
STUDENTS 


HE increasing extent to which British univer- 

sities are now dependent on Government grants is 
sufficient reason for welcoming the increasing public 
interest now being taken in their development. Since 
the almost simultaneous appearance of the reports of 
the University Grants Committee last December and 
of the ‘Working Party’ on University Awards, Sir 
Walter Moberly’s important book has been published, 
and there has now appeared a useful broadsheet from 
Political and Economic Planning, ‘The University 
Student: Selection and Awards’’, the first from a 
new P E P Group which is preparing a report on the 
future of the British universities. This broadsheet 
concentrates on the related problems of selecting 
students capable of profiting by a university educa- 
tion and of providing a sufficient number of scholar- 
ships and rewards to bring them to the universities ; 
it is essentially a discussion of the Working Party’s 
proposals in the light of the principles of university 
selection involved. 

The broadsheet argues that any consideration of 
awards turns on four questions: How many univer- 
sity places is it the policy of the universities and the 
State to fill? How many of these places can or 
should be filled by students who can pay their way ? 
Should the system of awards be used to attract the 
right numbers of students into the universities and 
to direct them into particular branches of study 
related to the needs of the nation? And how are 
students to be selected ; also, who should make the 
awards ? The first question is not examined in any 
detail. PEP accepts as generally agreed the 
objective of 88,000 students adopted by the univer- 
sities themselves as an outcome of the findings of the 
Barlow Committee on Scientific Man-power. It notes, 
indeed, that the objective is now likely to be reached 
in five years instead of the anticipated ten; but 
while recognizing that there is controversy as to 
whether under such conditions standards will 
deteriorate, it assumes for present purposes that 
academic standards will be maintained. That ques- 
tion, however, is dismissed too summarily. Even if 
standards will not be impaired by the greater influx, 
the question of selection and awards cannot be 
dismissed wisely or finally without consideration of 
the fundamental purpose of a university, and in 
particular of the relation of the universities to the 
colleges of technology and to higher technological 
education. The University Grants Committee has 
now a sub-committee to deal with the problems 
affecting technology in the universities ; but the work 
of that sub-committee falls outside the scope of the 
last report of the parent body. Sir Walter Moberly 
made some pertinent observations on the point in 
his recent book; but since the appearance of the 
Percy Report the question has received quite in- 
adequate attention. 

The numerical expansion of the university student 
body in Britain must, however, be considered 
simultaneously with that of the technical colleges, 
for the two matters are closely interwoven. Yet the 
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qualities required in men and women seeking tech- 
nical or professional training are by no means 
necessarily the same as those desirable in others who 
will profit most from an academic discipline, where 
not training but the enlargement of knowledge and 
the imparting of new knowledge to others are the 
essential elements. This distinction is not derogatory 
to the technical colleges or to technical training ; but 
to make it may ease considerably those pressures on 
the universities from sectional interests which the 
Nuffield College committee regards as the greatest 
danger to the maintenance of university standards. 
Moreover, the determination of the right balance 
between the technical colleges and the universities is 
an essential step—if not the first step—towards 
remedying the defects to which the technical colleges 
are liable if segregated from the cultural influence of 
the universities ; alone, neither is likely to be equal 
to meeting the demands of the times. The expansion 
of the universities and of the technical colleges 
should be timed, so far as possible, to permit not 
merely the maintenance of the highest academic 
standards, but also the fostering of those relations 
which will encourage both the broad human qualities 
required by the technician no less than the academic 
student, and the awareness of the vital intellectual 
currents of the day without which, as Sir Walter 
reminds us, however steeped in traditional culture, 
widely read, versatile, urbane and judicious, a man 
is ineffective, lop-sided and liable to fail both in 
_ culture and practicability. 

The importance of implementing the recom- 
mendations of the Percy Report and of resolving the 
fundamental problem of the relationship of the 
universities to the technical colleges, on which that 
Committee was unable to reach a decision, must be 
kept clearly in mind in considering questions of 
selection of students and university awards. No con- 
clusions can be other than tentative until the relative 
positions of these institutions for higher education, 
and in particular the content and the conduct of 
higher technological education, have been determined. 
These are the primary and most difficult questions, 
not that of fees as the broadsheet suggests. 

The latter question, it is true, will arise in the 
technical college as well as in the university, and 
much the same principles, if not the same practical 
considerations, should govern the answer. Planning 
points out that if in future some sixty to seventy per 
cent of students must be given awards from public 
funds, it is difficult to maintain on principle that 
fees should continue to be payable by students. 
Their parents are already contributing to the cost of 
university education through taxation, and fees cover 
only a small part of the real cost of a student’s 
education. Maintenance and loss of earnings are the 
critical financial barriers to students, although, from 
the point of view of the universities, fees are of 
much greater importance. 

The net additional cost of abolishing fees is esti- 
mated by P E P at more than £1 million; but it is 
considered that such a step should not be taken 
without a very careful examination of the effects of 

Paying maintenance 


increased Government control. 
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grants to all students would require an Exchequer 
grant of the order of £17—18 millions, as against the 
present £8-9 millions. Such a large increase is 
difficult to justify in present circumstances, and on 
balance P E P concludes that arrangements for fees 
and maintenance should be left as they are for the 
present. The broadsheet is inclined to challenge the 
Working Party’s guess that the number of paying 
students will*remain at about 5,000, including those 
receiving private benefactions, and it rightly insists 
that, whatever the number may be, those paying fees 
should not be regarded as an isolated category. Sir 
Ernest Barker’s and Lord Elton’s proper emphasis 
on the important part which such students can play 
in making the university a really representative com- 
munity may even confuse the issue here. Planning 
is right to insist firmly that the standards of admission 
for assisted and unassisted students should be the 
same. Different standards of intellectual attainment, 
character and personality cannot be justified. The 
sole criteria must be ability to profit by a university 
education and discipline, and those unlikely to do so 
should be excluded and directed to other places 
where their further training and education can best 
be effected in accordance with their capacity. 

That leads us to the third main question: To 
what extent should the system of awards be used to 
direct the flow of man-power into the professions 
according to national requirement ? Here again we 
are forced to decide first on the distribution of pro- 
fessional and technical training between the univer- 
sities and the technical colleges and like institutions. 
Planning points out that, so far as total numbers are 
concerned, the system is already being used for this 
purpose. Since the Barlow Committee reported, a 
series of sub-committees has been considering in 
detail the demand for scientific men and technologists 
in a number of fields, and the findings of these com- 
mittees, when published, must necessarily influence 
the choice of subject and career made by students. 
Other Government reports, as noted in that of the 
University Grants Committee itself, have already 
given the universities a good deal of guidance. In 
future, it will be more important to influence the 
flow of students towards the branches of study where 
they are needed; but PEP is doubtful whether 
this should ever be attempted through the system of 
awards. There are easier methods of attracting 
man-power into the right callings than by rigidly 
apportioning the number of awards to the different 
types of subject or degrees. Further, it might well 
be urged that establishment of the right distribution 
between the universities and the technical colleges 
would render the problem less acute, as would the 
handling of the problem of specialization on lines 
such as have been so powerfully advocated recently 
by Mr. Eric James, the High Master of Manchester 
Grammar School. 

On the question of the students who pay fees, as 
already noted, the PEP group is critical of the 
report on university awards. It is still more critical 
of the Working Party’s proposals in regard to selection. 
PEP holds firmly that the responsibility for the 
selection and admission of students must rest in the 














hel 
ha 
sel 


pr 








1. 164 


<chequer 
ninst the 
sTrease is 
, and on 
for fees 
» for the 
enge the 
f paying 


ng those 
Y insists 
ying fees 
ry. Sir 
mphasis 
an play 
Ve ¢ om- 


lanning 
lmission 
be the 
inment, 
d. The 
iversity 
o do so 
places 
an best 


n: To 
used to 
fassions 
rain we 
of pro- 
univer- 
utions, 
ers are 
‘or this 
rted, a 
ing in 
logists 
® com- 
fluence 
idents. 
of the 
ilready 
‘e. In 
ce the 
where 
hether 
tem of 
acting 
rigidly 
ferent 
it well 
bution 
lleges 
ld the 





4159 July 16, 1949 





No 








hands of the universities. The universities alone 
must be responsible for setting the standards of 
entry. The Working Party did, indeed, stress the 
responsibility of the universities, but its report did 
not make clear how much effective responsibility for 
making awards still rests with the local education 
guthorities. A clear should be made 
between selection for which is the 
responsibility of the universities alone, and selection 
for awards, which should, as P E P observes, come 
after a place has been secured, and can be carried 
out by universities, higher school certificate examining 
poards or local authorities. 

The other points on which the broadsheet suggests 
that the findings of the Working Party are shaky are 
the differentiation between the various types of 
wward and the possibility that, even with the new 
proposals, some places will not be covered by county 
swards and that deserving candidates without 
private means might still secure admission but fail 
to secure an award. In regard to the first, P E P 
suggests that there is no longer any real distinction 






distinction 
admission, 


between the various types of scholarship, and that 
some system of State bursaries should be devised to 
help those still requiring financial assistance. 

Selection is, however, the fundamental problem, 
and, unless it is carried out satisfactorily, no system 

f awards, however ingenious, will work. On this 
question, the broadsheet contributes little. It com- 
mends the objective of the proposed university 
clearing-house, so far as it would help the authorities 
to ascertain what is the real net demand for university 
places, shorn of duplication ; but it does not discuss 
the objections as fully as Dr. W. W. Grave, the 
dissentient member of the Working Party itself. It 
recognizes that something more than examinations 
are required, and that time will be required to estab- 
lish the value of the new methods with which a few 
universities are courageously experimenting. But the 
broadsheet gives no indication of the heavy demand 
which new methods of selection may make on existing 
university staffs, or of the danger that the exacting 
work of interviewing and selecting students may 
still further divert the academic staff from their 
primary functions. 

For all its limitations, the broadsheet gives a 
reasonable picture of the majority of the difficulties 
with which the questions of student selection and 
university awards bristle. More might have been 
said on what is involved in freedom of choice of 
university. Next to the question of the relation of 
the technical colleges to the universities, and of the 
whole bearing of higher technological education on 
university education, to which Mr. Churchill referred 
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in his speech at the Massachusetts Institute of 
Technology on March 30, the two crucial questions 
which the broadsheet ignores are the maintenance of 
academic standards and the effect on the universities 
of the recent changes in general education. It is 
held in some quarters that the latter are likely to 
hamper the universities considerably in their task of 
selection, as school examinations will no longer 
provide them with a means of assessment that they 
have used in the past. 
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Whether from this or any other cause the pressure 
on academic staffs is increased by their greater 
responsibilities in regard to selection, it is imperative 
that university expansion should not proceed at a 
rate which deprives the university staffs of the leisure 
to think, upon which creative work in research and in 
teaching alike depend, or of the time to make the 
vital personal contacts with those they are teaching. 
They must have the opportunity to maintain un- 
impaired the standard and traditions of learning and 
of scholarship, and to inspire those entering the 
universities to carry them on unimpaired. Failure 
to ensure this, and to see that men and women 
leaving the universities in sufficient numbers to 
carry the traditions of academic freedom into the 
schools of fundamental research and into the teaching 
profession, would indeed be fatal. The first duty of 
the universities is to maintain their standards, and 
to see that they are not deflected from that 
purpose by admitting greater numbers than they are 
able to inspire with the academic spirit, including 
perhaps some who are likely to profit more from 
higher technological training. 


MAX PLANCK AND THE BERLIN 
ACADEMY 


Max Planck in seinen Akademie-Ansprachen 


Erinnerungsschrift der Deutschen Akademie der 
Wissenschaften zu Berlin. Pp. v+204. (Berlin: 


Akademie-Verlag G.m.b.H., 1948.) 8.75 D. marks. 


AX PLANCK was undoubtedly one of the 
greatest men of science of this or any other 
time, and very likely his stature may appear even 
greater to future generations than it does to us now. 
It is probably not well known in Great Britain 
that he was one of the permanent secretaries of the 
Berlin Academy (1912-38), called, I believe, in its 
earliest days “Die Kénigliche Societit der Wissen- 
schaften”’. Its foundation was mainly due to Gott- 
fried Wilhelm Leibniz, who was its first president and 
who is still remembered every year on Leibniztag, on 
or near his birthday, July 1. Indeed, this little 
volume is made up of addresses delivered, most of 
them by Planck, on successive Leibniz days. 

It begins with his inaugural address on June 28, 
1894, when he was admitted to membership of the 
Academy. The date is interesting; there was then 
no relativity or quantum theory, and though we, 
who are looking back from 1949 to that time, may 
discern strong indications of the coming of the 
former, we find no hint of the latter. Planck speaks 
of the formidable difficulties in the way of estab- 
lishing natural phenomena on a mechanical basis : 
“Zurickfiihrung aller Naturvorgiinge auf Mechanik”’ ; 
but he is careful to add that he does not question 
the sufficiency of the principles of mechanics, and he 
is naturally led to those of thermodynamics, which 
seemed, as it were, to by-pass mechanics and its 
difficulties. He tells us that no outstanding investi- 
gator or teacher with whom he came into personal 
contact had any influence on the special direction 
in which his studies and inquiries led him; though, 
as he says, he learned much from the writings of the 
masters Helmholtz, Clausius and Kirchhoff. 
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The remaining addresses given by Planck are 
mostly replies to those of newly admitted members 
of the Academy. This kind of thing is a remarkable 
feature of the Berlin Academy. They discuss things 
which others either ignore or leave to philosophers. 
Einstein, on admission, discoursed on the analysis of 
fundamental temporal and spatial concepts, among 
other things. Planck replied in characteristic fashion, 
and his attitude (this was in 1914) to the principle of 
relativity rather reminds me of Carl Neumann’s 
attitude (1869) to the principles of Galileo and 
Newton. For Planck, the relativity principle was, 
one feels, something that replaced Newton’s spatium 
absolutum, or Neumann’s body Alpha. He was less 
of a revolutionary than Einstein and never interfered 
with the existing structure of physical theors, or with 
physical concepts, until the facts and logical necessity 
forced his hand. 

There are specimens of Planck’s handwriting 
German script, which he always, or mostly, used 
in the form of proposals for election to the Academy 
of Rubens (1907) and von Laue (1920). |The former 
is signed by Nernst, among others, and the latter by 
Rubens, Nernst and Einstein, and both of them, of 
course, by Planck himself. 

Lastly, there is an article by Arnold Sommerfeld, 
written in honour of Planck for his sixtieth birthday, 
April 23, 1918, which appeared in the journal Die 
Naturwissenschaften. Its special interest lies in its 
discussion of Planck’s work and of the nature and 
growth of the quantum theory by one of the greatest 
of German theoretical physicists, and in its numerous 
biographical details. Wm. WItson 
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CURRENCY OF PRIMITIVE PEOPLES 


Primitive Money 

In its Ethnological, Historical and Economic Aspects. 
By Paul Einzig. Pp. 517. (London: Eyre and 
Spottiswoode (Publishers), Ltd., 1949.) 25s. net. 


ORE than half this book consists of very short 
M précis of data on ‘primitive money’ from 
ethnographical and historical literature, to supply a 
basis for a theoretical analysis of ‘‘What is Primitive 
Money ®”, “The Origin of Money’’, “The Value of 
Primitive Money’”’, “Brimitive Monetary Policy”’, and 
“The Philosophy of Primitive Money”’. 

The précis of data strike a modern anthropologist 
as being uncritical and in the mode of the less able 
anthropologists of the end of the last century. Data 
are cited as snippets of customs, torn from their 
context of the economic and other social processes, 
on the analysis of which modern anthropologists 
concentrate. Judging by the précis from literature I 
know well, or on areas where I have done field 
research, this method of collecting data is barren even 
for the present subject, which is largely unfamiliar 
to me. This part of the book is useful to an anthropo- 
logist only as an index, rather full if not complete 
and unfortunately not evaluated, to an extensive 
literature. Too many books and articles are used 
without any judgments on their worth. Economists 
unacquainted with primitive systems may learn 
something from this section, but only if they can 
appreciate the implications of the limitations of a 
subsistence economy. Here these are barely set out 
on pp. 457-58. 

I also learnt little from the theoretical sections, 
save that, judging by Dr. Paul Einzig’s quotations, 
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economists speculating about primitive money need 
to be given an empirical training. Dr. Einzig also 
requires this. His whole section on “The Origin of 
Money” is cast in a form no longer used in anthro. 
pology—speculations based on assumptions about 
human nature. One example must suffice. “‘Humap 
nature being what it is, there must always have been 
a natural desire to compare the size of the wealth of 
one chief against that of another chief. Unless they 
kept their wealth in precisely the same form there 
could be no comparison without the use of some 
form of common denominator in terms of which the 
various forms of wealth could be expressed for the 
sake of comparison”’ (p. 367). This kind of statement 
should be backed with empirical data. Dr. A, | 
Richards contradicts its assumptions when she 
reports that she never heard a Bemba chief boast to 
another of the quantities of food he had, but only of 
the number of people he fed. South African chiefs 
had no idea of the quantities of their cattle ; 
they knew the size of their following. 

Dr. Einzig in these analyses makes many equally 
incorrect assumptions, as that the Tierra del Fuegians 
and other moneyless folk are of ‘‘a low standard of 
intelligence’. Psychologists have shown that it js 
probable that all groups of Homo sapiens have the 
same general intelligence. 

The section on ““The Value of Primitive Money” 
sets out problems which few anthropologists have 
studied, and I was amused by the application of 
Gresham’s law to the cattle-keeping tribes of Africa, 
Dr. Einzig takes their cattle as currency, and since 
they are reported to prefer quantity to quality, he 
cites this as bad money driving out good. In fact. 
the choice arises only in modern times, when land is 
limited ; in these conditions, many poor cattle are 
accepted as preferable to a few good ones. But 
meantime, another currency has been introduced: 
and, in fact, few tribes own cattle beyond their needs 
for diet. Again, this part of the book may warn 
economists to examine the problem of primitive 
money empirically ; they will gain far more instruc. 
tion for their task by reading a book like Firth’s 
“Primitive Polynesian Economy”’. 

Max 
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GLUCK MAN 


ELASTICITY AND ANELASTICITY 
OF METALS 


Elasticity and Anelasticity of Metals 

By Clarence Zener. Pp. x+170. (Chicago: Univer. 
sity of Chicago Press; London: Cambridge Univer. 
sity Press, 1948.) 4 dollars. 


oe metals are submitted to stress, the 
stress/strain relation is generally regarded as 
consisting of two parts, the elastic region and the 
region of plasticity in which a permanent set remains 
upon the removal of the stress. In the elastic region the 
absence of a permanent set does not necessarily imply 
that the relation between stress and strain is linear 
or even single-valued. Prof. Zener uses the term 
‘anelasticity’ to describe the properties of solids, as 
a result of which stress and strain are not uniquely 
related. Examples are the elastic after-effect, the 
dependence of elastic constants on the method of 
measurement, and the dissipation of energy during 
vibration, which is often referred to as the damping 
capacity or internal friction of a solid. These effects 
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have aroused much interest in recent years, largely 
owing to Prof. Zener’s own work, and a good book 
on the subject is much to be desired. 

The present volume is the first of a series of mono- 
graphs to be published by the Institute for the Study 
of Metals, of the University of Chicago. It consists 
{two parts, the first of which is short (forty pages) 
and deals with elasticity of metals. This includes ten 
pages on micro-elasticity which might well have been 
dealt with at greater length, for the subject is of real 
interest and has resulted in a most spectacular pre- 
diction of the existence at low temperatures of a 
face-centred cubic modification of lithium. The 
remainder of the book is concerned with the anelas- 
ticity of metals, which is dealt with under the main 
headings of formal theory, measurement of relaxation 
spectrum, and the physical interpretation of anelas- 
ticity. The last of these is of extreme interest, and 
nany readers will be astonished to learn of the wide 
range of physical processes which contribute to 
anelasticity, and which may themselves be investi- 
gated by the study of anelastic effects. The properties 
and structure of grain boundaries, and the sizes of 
twin crystals, may be cited at random as examples. 

The treatment will appeal primarily to the metal 
physicist with previous knowledge of the subject, and 
to this class of reader the book should be a continual 
source of inspiration, and can be recommended whole- 
heartedly. The foreword by the committee respons- 
ible for these monographs suggests clearly that the 
book is intended for a circle wider than that of the 
mathematically minded metal physicist, and for this 
purpose the book is at present less satisfactory. 
Comparatively little alteration is needed, but there 
are many pages on which the addition of only one or 
two sentences would help the less mathematically 
minded reader to see what underlies the equations. 
In some places the author shows an extraordinary 
reluctance to help the reader in this way. Thus, 
much of the book deals with what is called internal 
friction ; but when we look for a definition of this, 
we find (p. 44) that “The angle 4 by which strain 
lags behind stress is of particular interest, since its 
tangent is frequently used as a measure of internal 
friction’”’. This is, of course, entirely correct, but the 
author could be more helpful ; and in a later edition 
we may hope to see a considerable revision of the 
text. 

On the publication side some defects may be 
pointed out. The dots used to denote differentials 
are often so small as to be almost invisible, while an 
unfortunate choice of type has led to the printing of 
square root signs so small that doubt may exist as 
to how much is included under the sign. In many 
cases the legends to the figures require amplification 
in order to indicate what is being shown. The giving 
of references in the form ibid. or op. cit. is sometimes 
most unsatisfactory. Thus on page 138 there is a 
reference to the work of Fromm given as op. cit. 
After inspecting some fifty earlier references, the 
reader will find the name Fromm on page 131, again 
with the reference op. cit. In the index the name 
Fromm will be found with the page numbers 126, 
131 and 138, and presumably the paper referred to 
on the first of these is the required reference ; but 
the reader may reasonably complain at being troubled 
in this way. These defects in production should not, 
however, prevent our grateful acknowledgment of 
a book which will be a real source of inspiration to 
those concerned with the properties of metals. 

W. HuME-ROTHERY 
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THE TEACHING OF HISTORICAL 
GEOLOGY 


Introduction to Historical Geology 
By Raymond Cecil Moore. Pp. ix+582. (New Y ork 
and London : McGraw-Hill Book Co., Inc., 1949.) 30s. 


Emanuel Kayser’s Abriss der Geologie 
Sechste giinzlich neu bearbeitete Auflage. 
Dr. Roland Brinkmann. Band 2: 
Geologie. Pp. vii+356. (Stuttgart : 
Enke, 1948.) 27 D. marks. 

N their differences these two books bring out very 

clearly the difficulties that beset the teacher of 
historical geology (stratigraphy) to-day. An ever- 
increasing knowledge of the detail of local successions, 
and the recognition of a multitude of folding phases, 
combine to blur the once clear impression of strati- 
graphic divisions delineated by Nature with bold 
strokes across the whole earth. It is obvious that 
even the honours student cannot be expected to 
learn ‘world stratigraphy’ on the old lines; the 
problem then becomes one of selection and deliberate 
omission, of so presenting the partial picture that 
the result is a balanced whole. 

The American book by R. C. Moore is intended as 
a first text of historical geology, probably for students 
in their second year at the university. For British 
students its usefulness is seriously reduced since it 
treats almost exclusively of North American geology. 
Commencing with chapters on materials and methods 
of historical geology, evolution of life, the beginning 
of the earth, and with chapters on the nature and 
evolution of Palwozoic (Mesozoic, Cenozoic) life 
appropriately placed between those giving details of 
the separate systems, the book ends with an account 
of the geological record of man. The thick blue and 
gold covers, the heavily loaded glossy paper and the 
abundance of good and tastefully arranged illustra- 
tions give an appearance that is attractive, opulent, 
almost buxom. Perusal of the text indicates that 
the author has attempted to supplement this sensuous 
appeal by extensive simplification. No pains have 
been spared to make things easy and pleasant for the 
student. Indeed, the preface contains the curious 
statement, “One who closely examines these illus- 
trations and their explanations cannot fail to 
acquire a good deal of understanding of historical 
geology, even without reading the text”’. 

There is, of course, need for such a work, inten- 
tionally written for the beginner, for the student 
taking geology as an accessory subject, and for 
those people who wish to know something of the 
history of the world in which they live and man’s 
place in that world, as part of their cultural back- 
ground. The present book does not, however, entirely 
attain this objective. The chief defect is an almost 
complete lack of cross-reference between text and 
figures ; indeed, some illustrations seem to have been 
incorporated rather for their intrinsic beauty than 
for their relevance to the story unfolded in the text. 
(A remarkable feature is that the technique so com- 
mon in popular illustrated magazines, of having an 
intelligently written text almost divorced from 
striking pictures with superficial captions, is com- 
pletely reversed. Here the illustrations have detailed 
explanations well above the level of the text in 
appositeness and technical description of detail.) 

The simplification of the text has led the author 
into pitfalls. He seems to have imposed a self- 
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denying ordinance, of avoiding the use of formation 
or fossil names in the chapters dealing with individual 
systems. In the case of rocks, the effect is that of 
rather deadening repetition ; one reads, for example, 
“The nonmarine stratified rocks include coarse to 
fine conglomerates, abundant sandstones, sandy to 
clayey shales, and red beds’’. In the case of fossils, 
the avoidance of generic names in the text leads to 
clumsy paraphrases, “The microscopic shells of 
foraminifers of a type provided with calcareous 
globular chambers are characteristic of Cretaceous 
marine deposits throughout the world’’, or inaccurate 
statements, ‘“The most important guide fossils among 
plants are various sorts of ferns, and among inverte- 
brates the leading guides are the protozoans called 
‘fusulines’, shaped like large wheat grains’’ (Guide 
Fossils of the Pennsylvanian, p. 199). 

The German work, by Prof. R. Brinkmann, is 
detailed and precise. Obviously intended for more 
advanced students, it is a whole world apart in its 
teaching method. An introductory chapter on the 
measurement of geological time is followed by 
sections on each system, and the work concludes with 
chapters on the development of life and the course 
and flow of earth history. The European sequence 
is given as typical, and an attempt is made to 
indicate the principal successions in the other 
countries of the world. (An unwelcome survival is 
the union of Ordovician and Silurian into one system.) 
Sections on the flora and fauna, the climate, floral 
and faunal provinces, the chief movements of land 
and sea, and periods of volcanic and intrusive 
activity are included where possible. A valuable 
feature is a series of correlation tables, giving thick- 
nesses of individual formations within each system. 
The author mentions in the preface that he has 
avoided the use of specific names; he is certainly 
not sparing in his use of generic ones. For example, 
in the Permian are cited Pseudoschwagerina, Para- 
fusulina, Neoschwagerina, Sumatrina and Poly- 
diexodina among the Fusilinids, in the Jurassic 
Pachyteichisma, Tremadictyon, Craticularia, Cnemidas- 
trum, Hyalotragos, Stellispongia and Peronidella among 
the sponges. Indeed, considered from the student’s 
point of view, with the emphasis on passing an 
examination, this book, slim though it may seem, 
contains an appalling amount of information. The 
sheer memory work needed to assimilate and repro- 
duce this would be very great, and, as experience 
shows, once used, most of the detail would very soon 
vanish from the mind. 

Clearly the American book represents a reaction 
from this type of detailed teaching. Enough has already 
been said to indicate the dangers of simplification. 
Perusal and comparison of these two books, indeed, 
causes one to wonder whether the days of teaching 
world stratigraphy or detailed historical geology have 
not come to an end. In no case can a local succession 
be taught in detail sufficient to cover a stay of a week 
in an area. Is the abridged account worth learning ? 
To the reviewer it appears that after a brief generalized 
account of the stratigraphic succession, the subject 
is best taught by examples carefully chosen to 
illustrate principles, with a minimum of lectures, but 
& maximum of references, rigidly confined to the 
given topic, and by discussion periods after these have 
been read. The Cambrian, Ordovician and Silurian 
of Britain could be taught as a unit to illustrate 
variation of sedimentation in a geosynclinal sea, and 
the results illumined by the recent work on the East 
Indian region at the present day. The Devonian of 
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Europe and eastern North America as an example of 
the interfingering of marine and terrestrial deposits, 
the Carboniferous Limestone as showing facies 
variations in a relatively clear sea, the Permo. 
Carboniferous of the southern hemisphere as an 
approach to the Gondwanaland problem, the Jurassic 
as showing the use of zones and perhaps also as an 
example of deposition in an epicontinental sea. are 
cases that spring to mind. If the principles are rightly 
known, the student will be able to understand and 
interpret the local rock succession wherever he may 
go. The memorization of detailed successions, of us 
in only one spot, takes up time that could be better 
spent. ALAN Woop 


Use 





MICROCHEMICAL ANALYSIS 


Methods of Quantitative Micro-Analysis 
Collected and edited by R. F. Milton and Dr. W. A. 
Waters. Pp. viii+599. (London: Edward Arnold 
and Co., 1949.) 60s. net. 


HIS book is the outcome of a survey of modern 

micro-analytical techniques by a group of 
experienced analysts who, during the War, were 
members of one of the research organisations of the 
Ministry of Supply. It assembles in a single volume 
of convenient size a wealth of practical detail on 
micro-chemical procedures, with illustrative examples 
drawn from published work covering a wide field of 
analytical chemistry. Although many of the methods 
were developed for highly specialized use, they are 
capable of extended application in quantitative 
analysis and save time, bench space and reagents as 
compared with older macro-chemical methods. 

The book is divided into six parts, separately and 
jointly indexed. These deal successively with gravi- 
metric apparatus and general micro-chemical tech- 
niques, the micro-analysis of organic compounds, 
volumetric analysis, colorimetric analysis (including 
nephelometry and fluorimetry) and electro-chemical 
and gasometric methods of analysis. There is also 
an appendix giving reference tables and graphs for 
use with the van Slyke manometric apparatus. 
Contributors assisting the editors in the preparation 
of the subject-matter were G. Ingram, J. T. Stock 
and K. M. Wilson. 

The volume is intended for the laboratory worker 
with a sound general training in chemistry, and 
theoretical considerations are accordingly brief. 
General principles, however, are clearly and simply 
dealt with. The special apparatus recommended, 
much of which can be made in the laboratory, is 
described in detail, illustrated by excellent line 
drawings, and is of reliable pattern. General micro- 
chemical techniques and special procedures (for 
example, for organic groups) are carefully described, 
and the many critically selected examples, notably of 
colorimetric and volumetric procedures, include 
useful and reliable methods for the determination of 
metals, acid radicals and organic compounds, par- 
ticularly in complex biological material. Supple- 
mentary tables of methods in summarized form, with 
cross-references to the text, are an important feature 
of the book and give valuable guidance in the choice 
of a suitable method. 

This practical manual will be welcomed by analysts 
and should promote the more general use of micro- 
chemical techniques. P. J. HaRpwIckK 
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Vseobecna Botanika 

General Botany.) By Prof. B. Némec and Dr. L. 
Ppastyrik. Pp. viii+456. (Bratislava: Academia 
Scientiarum et Artium Slovaca, 1948.) 360 crowns, 
r 368. 

HE publication by the Slovak Academy of Arts 

and Science of the first modern botany in the 
yvrnacular is a landmark in the development of 
wvience in the eastern half of Czechoslovakia. In 
Bohemia, Presl’s ‘‘Rostlinopis’’ appeared more than 
a hundred years ago, and was followed at intervals 
with other noteworthy Czech botanical works that 
ould always stand comparison with similar books of 
ther countries. But in Slovakia science has long 
yen neglected. Its only botanist of international 
renown was J. L. Holuby (1836-1923), and though 
jis voluminous writings covered a span of seven 
jecades, he is known outside Slovakia only by his 
ontributions in German, especially his ‘Flora of 
Trentin County’’, which showed how rich in plant 
treasures this part of Central Europe is. 

A Slovak university was opened at Bratislava in 
1919; but not until 1945 did it include a faculty of 
sience. In that year Prof. B. Némec accepted an 
invitation to install a department of botany, and in 
the short space of three years a promising school has 
been established. The lack of Slovak text-books is 
acute; but if all that are published maintain the 
larity and standard of Némec and Pastyrik’s 
General Botany’’, Slovak students will indeed be 
fortunate. If they master this treatise they will have 
gained @ wide and up-to-date knowledge of botany 
and plant physiology. The book is divided into three 
unequal parts which deal with general biological 
principles, the plant cell and the anatomy of plants. 
The third, and by far the largest, part includes 
sections on the morphology and reproduction of 
various types of cryptogams and flowering plants. 
There are more tian four hundred illustrations, many 
having been specially drawn by Miss Tesafova. Most 
of the photographs were taken by Dr. R. Doht, but 
some are by Prof. 8S. Prét and other botanists. Few 
British botanists would understand the text, but 
many would admire the illustrations. J.G. F. D. 


A First Book of Meteorology 
By Arthur J. Starr. Pp. 86. 
Harrap and Co., Ltd., 1949.) 


R. A. J. STARR ’s little book is a useful intro- 
i duction to weather study, well illustrated and, 
on the whole, clearly written. It opens with a 
description of the composition, pressure and temper- 
ature of the atmosphere, and of the principles of 
mercury and aneroid barometers, though the descrip- 
tion of the aneroid is rather confused. The next 
chapter deals with wind, including the Beaufort scale, 
but there is no mention of gustiness ; a photograph 
of the record from a pressure-tube anemometer would 
have been a useful addition. The chapter on clouds 
is well illustrated by photographs ; those on weather 
and visibility call for no comment. Then follows a 
short account of observations and measurements, 
with some rather crude descriptions of instruments. 
As the Fortin and Kew barometers are mentioned by 
name, it might have been worth while to explain 
briefly the difference between them, and a simple 
illustration of @ vernier would have been useful. 
More serious is the complete omission of any reference 
to maximum and minimum thermometers ; although 
& table of frost-days is included, no indication is 
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given of how they are defined, and the reader is left 
to infer that a frost-day is one with a deposit of 
hoar-frost. This section might have been expanded 
at the expense of some of the information about the 
synoptic code and plotting, which is of less direct 
interest to the beginner. The chapters on pressure 
systems and weather forecasting are good and useful. 


A Scientist with Perry in Japan 
The Journal of Dr. James Morrow. Edited by Allan 
B. Cole. Pp. xxvi+307+9 plates. (Chapel Hill, 
N.C. : University of North Carolina Press ; London : 
Oxford University Press, 1947.) 22s. net. 

HE United States in 1852 sent an expedition 

under Commander Ferry to Japan, followed by 
another vessel the next year. The expedition was 
really an expression of American expansion as & 
Pacific Power, whatever may have been its explana- 
tion at the time. It marked, too, the emergence of 
Japan from the centuries of exclusion from contact 
with the outer world and its opening to American- 
European trade. Among the many men of science 
who applied to join this expedition, J. Morrow was 
chosen, and sailed to join his ship in 1853. The choice 
was a wise one. He was to take to the East, chiefly 
Japan, seeds, plants and agricultural implements, 
and to collect those of Japan for American nurseries 
and possibly for the improvement of American 
agriculture. All this he assiduously did in very 
limited time ashore and made some of the first 
studies on monsoon agriculture. His journal was to 
have been published with Perry’s official narrative 
about a century ago; but somehow or other it was 
overlooked until to-day. It is now published with a 
few notes and lists of seeds and implements brought 
from Japan and those given to the Emperor. A few 
letters from Morrow are also printed. The book gives 
vivid impressions of Japan and several smaller 
islands as they were before European influence made 
its mark. 


Techniques générales du laboratoire de physique 
Publiées sous la direction de Prof. J. Surugue. Vol. 1. 


Pp. 433. (Paris: Centre National de la Recherche 
scientifique; London: H. K. Lewis and Co., Ltd., 
1947.) 900 frances; 22s. 6d. 


HIS paper-backed volume consists of nine 

chapters, each written by an expert in the 
particular field. The first chapter deals with the 
principles of construction, kinematic design of 
apparatus, and the mechanical properties and 
methods of working of constructional materials. 
Glass-blowing; vacuum technique; production, 
measurement and control of high temperatures ; 
optical technique ; light sources and filters ; photo- 
electric cells and their applications; recording 
mechanisms; and voltage and current regulation 
are the subjects of the other chapters. The text is 
clear, well set-out and amply illustrated by line 
drawings. There is an excellent index, which makes 
the book extremely useful for rapid reference. 

For those laboratory workers and research workers 
familiar with French technical terms this book 
should certainly be given a place on the laboratory 
shelf alongside Strong’s ‘‘Modern Physical Laboratory 
Practice’ and similar books. Some of the English 
spelling in the bibliographies at the ends of chapters 
may raise a smile, and the occasional omission of 
units from a table may cause some irritation; but 
these are minor faults of no real consequence in a@ 
volume packed with useful practical information. 
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NATIONAL PHYSICAL LABORATORY, TEDDINGTON 
ANNUAL INSPECTION 


! 

HE National Physical Laboratory at Teddington 
A once again welcomed men of science and indus- 
trial technicians from all parts during the open days 
of the Laboratory, held on May 26 and 27. On 
the first day, many industrial visitors and repre- 
sentatives of the technical Press were able to inspect 
the work of the Laboratory as represented by the 
two hundred and ninety-one exhibits which were on 
show. Cn May 27, the Laboratory was inspected by 
the members of its General Board, and in the after- 
noon the visitors included men of science from 

universities and Government departments. 


The National Physical Laboratory is, in point of 


age, the second of the great national standardizing 
laboratories and will be fifty years old on January 1. 
The variety of work undertaken in its ten 
divisions was well illustrated by the exhibits, a 
few of the more interesting of which are mentioned 
briefly. 

During the past year the Laboratory has set up a 
separate ‘Lest Section to carry out the routine testing 
which is one of its functions, and an Electronics 
Section, which has been concerned chiefly with the 
application of electronic techniques to industrial 
processes and with the development of an automatic 
computing engine. A first-stage model, now under 
construction, will provide experience in the mathe- 
matical and electronic fields necessary for the con- 
struction of the full-scale engine. 

The adoption of a wave-length of light as the 
standard of length for all purposes has been brought 
nearer by the use, as a source of monochromatic 
light, of a stable isotope of mereury (Hg'**) produced 
by subjecting gold to neutron irradiation in an 
atomic pile. 

An electrodeless discharge-lamp containing 3 mgm. 
of mercury-198 with pure argon at 3 mm. pressure 
has been presented to the National Physical Labor- 
atory by the National Bureau of Standards, Washing- 
ton. When excited by placing it in the field of a 
valve oscillator tuned to a frequency of about 
100 Me./s., this lamp emits the characteristic 
radiations of mercur?-198 with high intensity. 
Comparison photographs of interference fringes in 
green light from mercury-198 and from natural 
mercury impressively demonstrate the superiority of 
the single isotope. So also do similar comparisons 
with the red radiation ‘of cadmium, which is the 
present international reference standard of wave- 
length for spectroscopy and, in a limited sense, for 
other measurements of length. Precision-engineering 
length standards up to 40 cm. are directly measurable 
in terms of light waves from the new source. Pre- 
liminary wave-length measurements of the visible 
radiations from mercury-198 at the National Bureau 
of Standards, the Bureau International des Poids et 
Mésures (Sévres) and in the Metrology Division of 
the National Physical Laboratory agree within a 
range of + 2 parts in 10°. 

The velocity of light is the subject of one of the 
most interesting pieces of work in the Electricity Divi- 
sion. Earlier determinations of this constant gave the 
value of 299,776 km./s., and it was estimated that 
this was correct within + 4 km./s. When experiments 
made at the Laboratory first showed that this 
constant could also be determined from measure- 


ments of the resonant frequencies and linear dimen. 
sions of a cavity resonator, it seemed likely that the 
agreement of the result with the above value would 
merely give a valuable check on the soundness of the 
electrical technique and the validity of the theory, 
The discrepancy with the first set of measurements 
amounted to 17 km./s., which though small could 
not be explained completely, and a further series of 
measurements with different modes of vibration of 
the cavity was therefore put in hand and is in pro. 
gress. Meanwhile, a new determination in Sweden 
by an optical method has also shown a discrepancy 
of about the same order. There exists, therefore, the 
interesting possibility that the errors of the historic 
determinations were under-estimated and that the 
electrical method may be the means of removing an 
unsuspected error from the value for this fundamental! 
constant. 

In the Electricity Division a study is being made 
of the relation between dielectric properties and 
chemical structure for a series of pure materials 
representative of those of actual or potential import- 
ance in industry. Among the materials recently 
examined are silicone liquids and an aniline—form. 
aldehyde resin. Although the silicones are almost 
perfect dielectrics at frequencies up to 100 Me./s., 
they show quite high power factors at 3,000 Mce./s. 
The explanation is to be found in molecular orienta- 
tion with a relaxation time which increases at first 
with the viscosity or chain-length of the material, 
but which tends towards a constant vaiue for very 
long chains. 

The aniline- formaldehyde resin, as ordinarily used, 
shows maximum values of power factor at frequencies 
which point to molecular relaxation times of the 
order of 1 usec. at 20° C. On drying the material, 
however, these maxima disappear, and they must 
therefore be ascribed to absorbed water, although 
the quantity is shown by weighing to be exceedingly 
small. The relaxation time is much greater thar 
that for liquid water, but about the same as that for 
ice. The power factor of the dried resin, although 
free from peaks, is high compared, for example, with 
that of the silicones and hydrocarbons, so that con- 
siderable molecular polarization must be assumed to 
exist, with times of relaxation distributed over a 
wide range, a condition which seems to be associated 
with resins of a cross-linked structure. 

Of considerable interest was the apparatus, dis 
played in the Engineering Division, used for the 
measurement of elastic constants by the ultrasonic 
pulse technique. The equipment, which is still in 
experimental form, will be used for the measurement 
of the wave velocity of both compression and shear 
waves through small specimens down to a 0-6-cm 
cube ; it operates as follows. A short radio frequency 
pulse of the order of 0-3-usec. duration and carrier 
frequency of 15 Mc./s. is applied by means of a quartz 
transducer system to one surface of the specimen, 
and the time of travel of this pulse through the 
specimen, which may range from 0-5 to 5-0 usec., 
is measured by a high-speed calibrated time-base and 
cathode-ray tube display. Measurements will be made 
chiefly on single metallic crystals, and, by determina- 
tion of the wave velocity of compression and shear 
waves along appropriate axes of the crystal, the 
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dastic constants may be deduced with an accuracy 
n the smallest specimens of | per cent. 
In the Metallurgy Division, investigations are 


ying undertaken in a steam corrosion unit to 
termine the effect of steam attack on tubular 
gecimens which, under a_ steam pressure of 


000 lb./in.? at 600° C., are subjected to stresses of 
+9 tons/in.*, Various materials are being tested, 
neluding stainless steels and steels containing carbon 
nd molybdenum. 

The investigations of the effect of surface defects 
9 steam mains in power plants indicates that the 
presence of such defects may lead to the formation 
feracks under the action of prolonged static loading. 





laboratory tests reveal that the presence of a surface 
ytch in creep specimens brings about a marked 
eduction in the ‘life to rupture’ in certain molyb- 
enum steels, whereas other steels of similar com- 
position are not so affected. The original tests were 
made in air; but similar tests are now in hand to 
jetermine whether failure is accelerated by steam. 
The superheated steam is treated to free it from 
xygen by previously boiling the distilled water used 
as the supply. 

One problem, which has considerable 
importance as a result of the construction of modern 
tailless aircraft, is the best method of designing the 
ntrols in order to give desirable stability character- 
For many years the standard method of 

mtrol has been by the deflexion of hinged flaps 
which usually cover about one-third of the outer 

art of each half-wing. For a tailless aircraft with a 
swept-back wing, the stability in pitch and roll is 

losely connected with the flow over the wing tips, 
und it is doubtful whether the standard control will 
prove generally satisfactory. In order to throw light 
mn this problem, wind-tunnel tests are being made 
nthe Aerodynamics Division on a half-wing with a 
ranked wing-tip on which is fitted an alternative 
type of control, used many years ago by Prof. 
G. T. R. Hill on early models of the ‘Pterodactyl’, 
which consists of a part of the wing-tip rotating 
about an axis located at the quarter chord. The 
results of these tests will be compared with those 
ibtained by a conventional control system. 

Users of optical instruments are fully aware of the 
importance of excellence in the quality of the 
efinition of the images which the instruments 
provide. The wnportance of economy of light and 
faithful rendering of contrast is not so widely realized, 
although defects in either of these may sometimes 
seriously detract from the performance of otherwise 
excellent instruments. Tests of the fraction of light 
lost by absorption and other causes in telescopes and 


assumed 


stics. 


| photographic lenses, and of the light scattered within 


the instruments to produce the ‘veiling glare’ which 
reduces the contrast in the image, were among those 
shown in the Light Division. 

The introduction and widespread use of fluorescent 
lamps has created a need for the measurement of the 
spectral distribution of radiant energy for individual 
lamps. Fluorescent lamps have a mixture of line 
and continuous spectrum, and they can differ from 
each other in colour in all possible ways. Although 
they emit white light, the old concept of colour- 
temperature is not applicable, and the light from 
such lamps can only be defined by energy distribution. 

The basis of the method used by the Light Division 
is to compare, wave-length by wave-length, the energy 
of the fluorescent lamp with tungsten radiation. 
This method avoids the uncertainties introduced by 
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absorption on the monochromator and the response 
of the photocell receiver. The line spectrum of the 
fluorescent lamps raises difficulties ; but a method has 
been found which obviates an independent measure- 
ment of the monochromator dispersion, and also is 
not affected by the curvature of the line image and 
the inferior definition present in instruments of such 
large aperture. 

Continually increasing numbers of people—such as 
radiologists, physicists and workers in the radium 
and thorium trades—are exposed to penetrating 
radiation, the physiological effects of which are 
uncertain and may be dangerous. The fixing of 
maximum tolerance doses for such radiations and 
the proper estimation of health hazards are difficult 
tasks. The Physics Division maintains an extensive 
photographic monitoring service (30,000 test films 
were examined in 1948) and is continuously develop- 
ing test methods for small traces of radioactive 
substances, for example, in human breath, some of 
which were demonstrated. 

Also of interest in the Physics Division was the 
new section for work on ultrasonics. The exhibits 
included apparatus for the precise measurement of 
the travel times of ultrasonic waves, which in its 
first trials has yielded a precision of better than 
one-hundredth of a microsecond in travel times of 
one to two microseconds. Apparatus for measuring 
the thickness of concrete slabs by an echo method 
was also demonstrated, and a collection of various 
types of ultrasonic transducers was shown. 

In the Ship Division an intensive research has 
recently been carried out on flow patterns over the 
surfaces of test models, to discover the extent of the 
laminar and turbulent flow areas, and to find the 
effect on these areas, and on the resistance, of 
stimulating turbulence at the forward end of the 
model. The method by which the flow pattern has 
been observed was demonstrated and, briefly, con- 
sisted of allowing dye to ooze slowly from holes in 
the side of the model while observing the pattern 
through a mirror towed through the water abreast 
of the model. The change from laminar to turbulent 
flow could readily be seen. 


CHEMICAL RESEARCH 
LABORATORY, TEDDINGTON 
ANNUAL INSPECTION 


OR the third year in succession the Chemical 
Research Laboratory of the Department of 
Scientific and Industrial Research held a series of 
open days, during June 28—July 1, to which guests 
from industrial laboratories, universities, research 
and trade associations, and Government establish- 
ments were invited. The increasing attendance from 
year to year shows that this opportunity to view the 
work in progress is appreciated, and undoubtedly the 
exhibits serve to supplement the information given 
in the reports of the Laboratory*. 

The director of the Laboratory, Prof. R. P. Lin- 
stead, was appointed in September 1945. This year 
he accepted an invitation to succeed Sir Ian Heilbron 
as professor of organic chemistry in the University of 
London and director of the organic chemical labora- 


*Chemistry Research 1947 (London: H.M. Stationery Office). 


Chemistry Research 1948 (in the press). 








90 


tories at the Imperial College of Science and Tech- 
nology (see Nature, April 9, p. 558). He took up his new 
duties on June |, but was present to welcome visitors 
at these open days which he initiated. The time 
of his appointment as director of the Chemical 
Research Laboratory coincided with the transition 
from war- to peace-time conditions, with consequent 
re-orientation of work and planning for the future. 
Objective fundamental research received fresh impetus 
and direction, immediate reconstruction plans of far- 
reaching developments have been implemented, and 
the re-organisation of sections has encouraged dis- 
cussion of research work and the promotion of team 
spirit. Rapid progress has been made in many 
directions, notably in the study of new techniques 
and the building up of expert teams in various fields. 
An important outcome of these advances has been a 
re-statement of the functions and scope of the work 
of the Laboratory, which are: (a) to carry out 
objective fundamental chemical research, including 
development work in so far as this may be necessary 
to demonstrate the industrial value of any dis- 
coveries which may be made; and (6) to carry out 
chemical researches on request and to provide tech- 
nical advice to other sections of the Department, 
other Government departments and British industry. 
The Chemistry Research Board is responsible for 
advising the Department on the work to be under- 
taken within the programme of the Laboratory. The 
chairman of the Board is Sir Norman Haworth, and 
the members are men of wide experience and know- 
ledge from universities and industrial organisations. 
Interested Government departments appoint asses- 
sors. The general policy underlying the selection of 
topics for the programme is that the Laboratory 
should study basic problems of chemistry and tech- 
nology which require the attack of a skilled team 
over a long period, and the following general themes 
have been laid down as suitable for inclusion in the 
organised programme of an establishment such as 
the Chemical Research Laboratory: (1) researches 
leading to fundamental data of general value; (2) 
new methods and techniques; (3) the conservation 
of essential materials ; (4) the utilization of indigenous 
raw materials, particularly those of low grade, in- 
cluding wastes ; (5) new materials and processes. 


Researches leading to.fundamental data of general 
value. Precise data on the fundamental constants of 
pure chemicals are invaluable to the chemist in the 
study of possible chemical reactions and to the 
chemical engineer in designing plant. The work 
involved is of two kinds, (a) the preparation of pure 
compounds, and (6) the determination of the con- 
stants with great precision. Typical of this is the 
work of the Purification and Measurement Section of 
the Organic Group, while another example is the 
co-operation of the Inorganic Group with the Pure 
Metals Committee of the Chemistry Research Board 
on the supply of pure metals. 


New methods and techniques. Illustrative of the 
techniques in which the Laboratory specializes are 
high-efficiency fractionation, ion-exchange methods, 
microchemical analysis, radiometry, synthesis of 
intermediates containing tracer elements, chromato- 
graphy and high-pressure reactions. A new technique, 
recently announced by the Laboratory, is _ the 
separation of inorganic salts on cellulose by organic 
solvents. 

The conservation of essential raw materials. Con- 
servation or prevention of waste, especially of 
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mineral resources, is of obvious national importance, 
The prevention of loss of metals by corrosion is a 
subject of this class eminently suitable for systematic 
long-term study under Government auspices, and the 
corrosion of metals in its many aspects has been 
studied at the Laboratory since its foundation. 


Utilization of low-grade and waste material. This is 
a topic which is thrown into prominence in times of 
stringency. Many of the problems are difficult and 
need long-term effort, and often depend for their 
solution on methods of concentration, that is to say, 
the transfer of material from low to high grade. 
Although methods evolved by such work may not be 
suitable for economic development in ordinary times, 
they can be laid down against possible future needs, 
Examples of this type of work within the Laboratory 
are the isolation of bases and other constituents from 
coal tar, and the production of gallium from coal 
via flue dust. 


New materials and processes. This designedly broad 
heading covers the extension and application of 
processes or materials that may be discovered. 
Notable examples are the study of high polymers 
with special reference to ion-exchange resins, the us 
of sodium benzoate as corrosion inhibitor, and the 
application of microbiology to chemistry such as the 
production of food yeast from molasses. 


The Laboratory is called upon from time to time 
to assist other bodies, including establishments of the 
Department, other Government departments, indus. 
trial firms and research associations. This falls within 
the second function noted earlier, and requests range 
from the large and important programme of work on 
behalf of the Ministry of Supply to the production 
of a required chemical by the use of high-pressure 
equipment 

The exhibits on view in the Laboratory this year 
covered the whole range of activities, and it is only 
possible to refer to the most recent advances in each 
Group. Within the Corrosion of Metals Group there 
is a further advance in the use of sodium benzoate 
as an inhibitor of corrosion. In previous vears 
examples have been shown of the application of 
sodium benzoate as a corrosion inhibitor. [It has now 
been found that, supplemented by the addition of 
smaller concentrations of sodium nitrite, still more 
efficient protection is afforded to a wider range of 
materials, the mixture having definite advantages 
over either inhibitor alone. Striking exhibits were 
antifreeze mixtures taken from the cooling systems 
of motor vehicles after runs of 2,500 miles; those 
containing the benzoate—nitrite mixtures were almost 
completely free from discoloration or suspended 
rust. Last year the application of rubber latex con- 
taining sodium benzoate for producing a protective 
coating on machined parts was demonstrated. This 
year the exhibits illustrated the successful use of the 
mixed inhibitor, in suitable proportions, for producing 
coatings on various types of metal surface, including 
soldered joints, and machined cast iron. 

The quantitative stripping of the surface films 
from metals has been applied, in conjunction with 
electron diffraction technique (collaboration with the 
Metallurgy Division of the National Physical Labora- 
tory), to the elucidation of certain metallic oxidation 
phenomena, and has been extended to the study of 
films produced in industrial finishing processes. 

Research on the problem of preventing corrosion 
of buried iron pipes caused by the influence of 
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sulphate-reducing bacteria is in progress along two 
main lines: (1) field tests on different types of pro- 
tective coatings, and (2) fundamental studies on 
sulphate-reducing bacteria in which the metabolism of 
these organisms is being investigated in the expecta- 
tion that such knowledge may give a clue to a method 
of preventing corrosion. 

A considerable amount of pure gallium metal has 
been recovered from flue dust by the Inorganic 
Group. This has been distributed to various research 
laboratories for examination of the properties. The 
electrical and thermal conductivities of the metal 
have been found to vary in a ratio of | to 7 according 
to the orientation of the crystal growth, and a 
striking demonstration of this directional difference 
in thermal conductivity was shown. The work of the 
Microanalytical Laboratory in this Group has 
developed rapidly during the year, and more spectro- 
metric equipment, notably a grating spectrograph, 
has been acquired. 

A section of the work of the Radiochemical Group 
is concerned with the separation of inorganic salts on 
paper strips or cellulose columns by organic solvents, 
and has been carried out in part in collaboration 
with the Inorganic Group. Many striking examples 
of the separation of various mixtures, including some 
of the well-known analytical group separations, were 
shown. Other exhibits related to methods used in 
treatment and control processes and to analytical 
methods developed for the examination of radio- 
active ores. 

Modern physical methods such as ultra-violet, 
infra-red and mass spectroscopy are capable of 
ana'ysing many multi-component mixtures of indus- 
trial importance; but, in general, these physical 
methods can only be used to express the results in 
terms of a percentage of a standard sample. It is 
not sufficient only to purify compounds to provide 
these standards; there must also be established 
criteria of purity such as density, refractive index, 
freezing point, ultra-violet and infra-red spectra. In 
addition to these physico-chemical measurements, 
there are a number of others which may be used in 
the search for improved or new processes. This type 
of work is in the province of the Purification and 
Measurement Section of the Organic Group. Work 
is being done at present on the heterocyclic bases in 
coal tar; but, now that the necessary apparatus has 
been assembled, further extensions of the work may 
be expected to include compounds of other classes. 

There are two Organic Intermediates Sections 
within the Organic Group. The first deals mainly 
with aromatic compounds, and a study of the 
co-polymers of acenaphthylene with other unsaturated 
monomers has been completed. In another project 
the hydrogenation of pyridine and the examination 
of the higher boiling fractions of the product has 
yielded N-alkyl compounds having either (a) ‘knock 
down’ action or (6) lethal value when tested against 
Calandra granaria and Blatella germanica. Some of 
the constituents of these fractions have been identified 
and compared with synthetic reference compounds. 
The second Intermediates Section is concerned with 
research on the synthesis of organic compounds con- 
taining either heavy or radioactive carbon. In 
aidition, the pure hydrocarbon, decosane, and a 
pure sample of stearic acid have been prepared for 
lubrication studies in the Engineering Division, 
National Physical Laboratory. 

The work of the High Polymers and Plastics 
Section is largely concerned with a fundamental 
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investigation of the ion-exchange properties of 
synthetic polymers. Monofunctional exchangers, for 
example sulphonated cross-linked polystyrene or 
cross-linked polymethacrylic acid, are more suitable 
for study than earlier resins which contained two or 
more ionizable groups, in that there is no possibility 
of interference between different groups. The 
influence of polymer structure on exchange-rates and 
affinities is being examined with sulphonated cross- 
linked polystyrene. The technique of suspension 
polymerization enables this latter material to be 
prepared in the form of spherical beads. 

In connexion with research on adhesives for 
aluminium alloys, it has beea shown that a mild 
abrasive pretreatment of the metal surface gives 
more reproducible joint-strengths than the chromic 
acid — sulphuric acid pickle commonly used. 

The workshop is now fully equipped with motor- 
ized machine tools, and a colour scheme has been 
adopted to improve illumination and environment 
and to reduce eye strain. 


GROWTH-PROMOTING 
SUBSTANCES IN AGRICULTURE 
AND HORTICULTURE 


"THE discovery that the normal growth of plazits 

is under the control of minute quantities of 
certain organic substances was the outcome of an 
interesting chapter in botanical research. Rapid 
developments on the chemical side followed - the 
recognition of §-indolylacetic acid as a potent growth- 
regulating substance, and, at the present time, a wide 
range of synthetic materials capable of inducing 
growth responses is available. Some of the effects 
produced are of considerable agricultural and horti- 
cultural importance, and research on chemical, 
physiological and practical aspects is being vigorously 
pursued. 

At a symposium held at the Imperial College of 
Science and Technology, London, by the Association 
of Applied Biologists on March 16, the results of 
recent work on “Growth-promoting Substances in 
Agriculture and Horticulture’’ were presented and 
discussed. Selective weed control was not included, 
this aspect having been recently and adequately 
reviewed!. 

In introducing the symposium, Prof. F. G. Gregory 
dealt briefly with historical aspects. The early 
experiments of Darwin (1880), in which the extreme 
tips of roots and shoots were shown to be receptive to 
light and gravity, led him to conclude that some 
influence was transmitted from these extremities to 
the part of the plant showing the response. These 
findings were carried further by Sachs, who indicated 
that there was produced in cuttings a substance 
which moved downwards and caused initiation of 
roots. Some thirty years later, Boysen Jensen 
demonstrated that the substance which accumulated 
under the influence of light in the tip of an Avena 
coleoptile would apparently pass through a gelatin 
barrier placed between the severed tip and base, and 
in 1927 Went, who did much to put the study of the 
natural auxins on a quantitative basis, showed that 
the substance could diffuse from the excised tip into 
agar. That auxins may also produce inhibitory 
effects was next recognized, Thimann showing that 
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the repressive influence exerted by the terminal bud 
of a shoot on the development of lateral buds is due 
to an auxin. Kégl’s isolation of auxins a and 6 and, 
particularly, heteroauxin from human urine, stimu- 
lated Zimmerman and Hitchcock, among others, to 
synthesize and test a large number of organic com- 
pounds of comparatively simple structure. From such 
investigations have arisen the materials now proving 
of practical value to the agriculturist and horticultur- 
ist for such uses as selective weed control, rooting of 
cuttings, setting of certain fruits, prolonging the dorm- 
ancy of buds and preventing the premature dropping 
of fruits. Haberlandt’s demonstration that cell divi- 
sion is promoted by the presence of crushed cells led 
to the concept of wound hormones and paved the way 
to the isolation of traumatic acid by English, Bonner 
and Haagen-Smit. Attempts to isolate a flowering 
hormone from plants have so far been unsuccessful, 
though 2.3.5-triiodobenzoie acid hasbeen shown to 
stimulate the production of abnormally placed 
inflorescences in the tomato plant. 

After this introduction, Miss D. J. Osborne dis- 
cussed attempts to produce parthenocarpic pears by 
the use of growth-substances. Some success in this 
connexion had been reported by Stuivenberg, who 
treated frost-killed blossoms, and by Sereisky. Lewis 
induced parthenocarpy by frost treatment alone. At 
Wye, in 1947, a range of synthetic compounds, shown 
to be effective in producing parthenocarpic tomatoes, 
were sprayed on to emasculated flowers of Beurre 
Superfin and Dr. Jules Guyot pears. Sodium «-(2- 
naphthoxy)-propionate was outstanding in producing 
a high set, the initial rate of growth being higher than 
that of normally fertilized fruitlets. After some four 
weeks, however, development ceased, suggesting that 
the amount of growth substance supplied in one appli- 
cation was inadequate to stimulate growth of fruit 
to maturity. Accordingly, in 1948, a more extensive 
trial was carried out using the same compound on 
Dr. Jules Guyot and Pitmaston Duchess. Four 
methods were employed, each of which it was thought 
might provide a continuous supply of the growth 
substance to the developing parthenocarpic fruitlets. 
A successful treatment was spraying at three-day 
intervals with an aqueous solution of the growth 
substance. Abscission of fruitlets was thereby con- 
siderably reduced on both varieties, and on Pitmaston 
Duchess 37-5 per cent Of the parthenocarpic fruit 
reached maturity. The single-spray treatment, 
however, gave the highest percentage yield of mature 
fruit on Dr. Jules Guyot. A few of the emasculated 
flowers, which had received water and wetter only, 
developed to mature parthenocarpic pears on both 
varieties, an interesting result which Miss Osborne 
intends to investigate further this year. 

The use of growth substances to control the 
shedding of fruit was reviewed by Dr. M. C. Vyvyan. 
The heavy loss of fruits by abscission, just after 
petal-fali and in the ‘June drop’ which occurs in most 
fruit trees, tends to adjust the crop to the size of the 
tree and prevent disorders often associated with an 
unbalanced crop. Too light a shedding can be 
supplemented by artificial thinning. A comple- 
mentary method is required when the loss is too 
severe and in order to check ‘pre-harvest drop’ which 
oceurs in some varieties as maturity is approached. 
Considerable control of the latter, in many apple 
varieties, was achieved in America in 1939 with 
sprays containing up to 10 p.p.m. of «-naphthyl- 
acetic acid. Similar trials at East Malling and 
elsewhere* have given excellent results with several 
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varieties, including the apples, Beauty of Bath and 
Worcester Pearmain, and the pear, Conference, and 
have led to widespread use of these sprays. Conirol 
of ‘June drop’ has been disappointing, though sone 
success has been achieved with Cox’s Orange Pippin. 
Under certain conditions, a hastening of maturity of 
fruit can apparently result from these treatmenis, 
such an effect having been observed with some 
varieties in America. In trials with other growth 
substances, 2.4-dichlorophenoxy-acetic acid |ias 
proved effective with certain American varieties, but 
may cause damage to fruit or tree. Dr. Vyvyan 
emphasized that fuller knowledge is required about 
the abscission process, the natural hormones thiat 
apparently control it, and the general mode of action 
of synthetic growth substances. 

Dr. R. L. Wain followed with a contribution on 
chemical aspects of growth-regulating activity. The 
assessment of such activity, he pointed out, is com. 
plicated by such factors as polar transport, so that 
different values are often obtained for the same 
compound when examined by different tests. Koepfii, 
Thimann and Went in 1938 gave as minimum strue- 
tural requirements for activity in the Went pea test, 
(a) @ ring system with at least one double bond, 
(6) a side-chain containing a carboxyl or potential 
carboxyl group separated from the ring by at least 
one carbon atom, and (c) a particular space relation- 
ship between the ring and the carboxyl group. These 
requirements are fulfilled by most synthetic growth 
substances; but some activity is also shown, for 
example, by «a-naphthylnitromethane and _ by 
2-bromo-3-nitro- and 2-chloro-5-nitrobenzoic acids. 
Zimmerman and Hitchcock, and Veldstra are prom- 
inent workers in this field. At Wye, it has been found 
that replacement of the oxygen bridge of naphthoxy 
acids by —-S— or —NH—.or of the carboxy! by the 
sulphonic acid group gave inactive products. Sub- 
stitution of one methyl group into the side-chain of 
various arvloxy-acetic acids usually led to an in- 
creased activity in tests based on tomato leaf epinasty 
and capacity to initiate development of unfertilized 
tomato ovaries. When two methyl groups were 
substituted, however, in all series examined, the 
resulting oxyisobutyric acids were completely inactive 
in both tests. These results indicate that, for certain 
activity, at least one hydrogen atom must be attached 
to the carbon atom adjacent to the carboxyl group. 
Dr. Wain stated that the Wye experiments are being 
extended both to include new series of compounds 
and further methods of assessment. 

One of the widest uses of growth substances, up 
to the present, has been in the vegetative propagation 
of plants, and this aspect was dealt with by Dr. 
E. 8. J. Hatcher. Following a comparison of natural 
and horticultural methods of vegetative propagation, 
the development of the growth-substance method in 
relation to cuttings was described. It was pointed 
out that while hundreds of species have responded 
to treatment, a number usually fail to do so. 
$-Indolyl-butyric and «a-naphthylacetic acids are 
superior to the naturally occurring auxin, §-indoly!- 
acetic acid, in root-promoting power, and, of several 
methods of application, the concentrated alcoholic 
dip method is rapidly gaining in favour. 

Factors influencing rooting response were then 
considered, and their operation was illustrated by 
experiments carried out at East Malling with fruit- 
tree rootstocks. The necessity of a comprehensive 
approach to the problem was emphasized, since 
factors such as species and variety, cultural relations 
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of source plant, portion of shoot used as cutting and 
time of planting are involved. Fruit-tree rootstocks, 
as a class, form one of the most difficult groups of 
woody species to propagate from cuttings; never- 
theless, in suitable circumstances, a pronounced root- 
ing response to growth-substance application is 
obtainable. 

Finally, the effect of the growth-substance treat- 
ment on the cutting was discussed. This involved 
the question of whether the movement of internal 
substances of a hormonal nature is_ involved, 
and mention was made of auxin studies in progress 
at East Malling on shoots and on cuttings taken 
from them. There was evidence that varieties of 
apple and plum which contrasted markedly in their 
rooting capacity gave differing yields of ether- 
extractable auxin, greater amounts during dormancy 
being associated with the easier-rooting plum root- 
stocks. 

“Fruit Drop in Relation to Seed Development in 
the Apple”’ was the title of a paper read by Dr. L. C. 
Luckwill. He described how, using the tomato ovary 
test, he had made a quantitative study of the hor- 
mone which occurs in apple seeds and its possible 
relation to fruit development and fruit drop*. The 
hormone apparently originates in the endosperm 
tissue of the seed, and variations in the amount of 
hormone in the seed can be correlated with endo- 
sperm development. The first appearance of the 
hormone in the seed, about thirty days after petal 
fall, corresponds closely with the change from free- 
nuclear to the cellular condition in the endosperm. 
Subsequent partial digestion of the endosperm by 
the rapidly growing embryo is accompanied by a fall 
in hormone content, which again rises as the embryo 
growth nears completion. At this stage, both endo- 
sperm volume and hormone content are at their 
maxima. In Lane’s Prince Albert, embryo absorption 
in eighty per cent of the seeds results in seeds 
containing an abnormally large amount of endo- 
sperm and having a correspondingly high hormone 
content. 

These changes in the hormone content of the seed 
appear to be reflected in the periods of fruit abscis- 
sion, the peaks of hormone production, in particular, 
corresponding with the temporary cessation of fruit 
drop. Seeds from dropped fruitlets have been shown 
to have a lower hormone content than seeds from 
attached fruitlets. These results suggest that one of 
the functions of this endosperm hormone is to control 
fruit drop. It appears to play no part in the initiation 
of fruit growth, but the well-known correlations 
between seed and fruit development in apples suggest 
that it may influence the later stages. 

The contributions made in this symposium and the 
points raised in the subsequent discussion focused 
attention on the potential economic value of growth- 
regulating substances. The marked specificity in 
response between plant species and growth substance, 
however, well demonstrated, for example, in pre- 
harvest drop, weed-killing and rooting effects, 
indicates that where success has not been achieved, 
the appropriate compound may still await discovery. 
Undoubtedly, much further fundamental and applied 
research is required in this field, before these chemicals 
can play their full part in crop production. 
'Symposium held by Agricultural Group of Society of Chemical 

Industry and Society of Public Analysts on February 15, 1949. 
Chem, and Indust., No. 11, 173 (1949). 
2 Vee, C., Tech. Comm. No. 18, Imper. Bur. Hort. Plant Crops 
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* Luckwill,, L. C., J. Hort. Sei., 24, 32 (1948). 
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OBITUARIES 
Prof. F. S. Kipping, F.R.S. 


THE death of Frederic Stanley Kipping on May | 
in his eighty-sixth year has removed one of the last 
links with what may be termed the later classical era 
of organic chemistry in Britain. His name will always 
be associated with the chair of chemistry at University 
College, Nottingham, where for thirty-nine years he 
directed a small, but extremely productive, school of 
research. His work gave to the College, which he 
served so faithfully, university status in the eyes of 
his contemporaries forty years before the receipt of 
its University Charter in 1948. He received the 
Longstaff Medal of the Chemical Society, the Davy 
Medal of the Royal Society, delivered the Bakerian 
Lecture and on his retirement in 1936 received the 
degree of D.Sc. honoris causa from the University of 
Leeds. 

Kipping studied at Owens College, Manchester, 
and afterwards in von Baeyer’s laboratory in Munich, 
where he worked with W. H. Perkin and was a con- 
temporary of J. B. Cohen. The strain theory of von 
Baeyer owed much to the experimental work of 
Perkin, and Kipping’s early outlook seems to have 
been influenced by this environment. On his return 
to England, in continuation of his work on ring 
systems, he prepared the cyclic bases hydrindamine 
and methylhydrindamine, resolved them and studied 
the isomers exhaustively. In 1907 the second of 
these bases was found to be the only one which was 
capable of resolving Kipping’s first asymmetric 
compound of silicon, although numerous other bases 
were examined. This work attracted much attention 
at the time. He also collaborated in stereochemical 
work with Pope, whom he met in Armstrong’s 
laboratory in South Kensington. 

In 1910 Kipping brought his remarkable skill in 
the manipulation of unpromising material to bear on 
the diphenyl- and dibenzylsilicane diols, which he 
had encountered in the course of his synthetic work. 
In collaboration with Robert Robison several crystal- 
line condensation products of the original diols were 
eventually isolated and their structure determined. 
During this and similar work many viscous residues 
were obtained, the further examination of which 
appeared too daunting even to the master, whose 
mere presence in the laboratory was popularly said 
to induce the process of crystallization. 

Recently these ‘silicone polymers’ have achieved 
world-wide recognition as_ plastics, insulating 
materials, lubricants and in other connexions. 
Those who exploited these substances recognized 
their indebtedness to Kipping, and his pupils wel- 
comed the industrial applications. Kipping’s en- 
during reputation rests, however, on his brilliant 
investigations in ‘academic’ chemistry (which received 
the highest recognition at a time when ‘plastics’ were 
almost unknown) and on his skill as a teacher. 

In 1936, on the publication of Part 50 of “Organic 
Derivatives of Silicon’’, his staff and former students 
entertained him to dinner. Robison, the discoverer 
of the mechanism of calcification of cartilage, was in 
the chair. It was a most happy occasion; the 
respect and affection in which Kipping was held were 
manifest in every word which was spoken. The dry, 
humorous remarks, the caustic comments, the rather 
gruff encouragements stored for many years in the 
memories of his pupils were then released. Happy is 
the man who can inspire such regard. 
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To work with Kipping was no easy thing. He 
believed with Jeremiah that “it is good for a man 
that he bear the yoke in his youth”. The Vice- 
Chancellor of Leeds, when presenting him for his 
honorary degree, referred to the “exacting and severe 
standard of scientific accuracy at once the despair and 
the inspiration of his research students”. Kipping’s 
interest in beginners was equally great, and many 
tributes have been paid to the help and guidance 
which he gave them. To those who bore the yoke, 
survived the ordeal and gave of their best, his friendly 
interest and readiness to help throughout the years 
knew no bounds. 

He was an athlete and a sportsman, and it was 
said of him that “he owed his perennial youth in no 
small measure vo ... an expert manipulation of 
cyclic compounds on the golf course, the tennis 
court and the billiard table’. 

FREDERICK CHALLENGER 


Miss Gulielma Lister 


Miss Gutretma LisTeR, who died at Sycamore 
House, Leytonstone, on May 18, was born there on 
October 28, 1860. She was the daughter of Arthur 
Lister, F.R.S., @ wine merchant and an authority on 
Mycetozoa, the granddaughter of J. J. Lister, F.R.S., 
physicist and microscopist, and a niece of Lord 
Lister. She had three sisters and three brothers 
J. J. Lister, an eminent zoologist ; Arthur Lister, a 
brilliant consulting physician, who died of tuber- 
culosis on active service during the First World War ; 
and Sir William Lister, the noted eye specialist. It 
was a happy and devoted Quaker family as full of 
good works as it was in achievement. She received 
her education at home, except that for a year, when 
she was sixteen, she attended Bedford College for 
Women. 

Arthur Lister was a keen all-round naturalist, and 
Gulielma was his cdénstant companion and helpmate. 
Their name is best known in connexion with “A 
Monograph of the Mycetozoa”. The classification of 
these strange organisms, which seem to partake of 
the characters of both plant and animal, was pre- 
viously in great confusion, and the monograph, which 
first appeared in 1894, immediately became the 
standard text. In the preface the father says, 
“Throughout my studies of the Mycetozoa, and in 
the preparation of the drawings illustrating this 
work, I have had the assistance of my daughter, 
Gulielma Lister’. The second (1911) and third (1926) 
editions were revised by Miss Lister, and through 
her generosity it was possible to have many of the 
plates reproduced in colour. After her father’s death 
in 1908, Miss Lister was the recognized world 
authority on the group and continued her interest to 
the end. Until 1939 she frequently visited the De- 
partment of Botany, British Museum (Natural 
History), where she acted in effect as honorary 
curator of the Mycetozoa, which she had helped her 
father to arrange and had made into the most 
important and complete collection in existence ; the 
exhibit of British species in the Botanical Gallery 
was also arranged by them and described in a ‘guide’ 
which has served as an introduction for numerous 
students. 

Miss Lister’s knowledge of natural history was of 
that comprehensive kind now so rare among special- 
ists. She seemed to hear a bird-call no matter how 
intensive was her botanical or other activity, and 
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her telescope would appear from her collecting basket 
almost as if by magic. Every living thing was of 
interest to her, and she was never more happy than 
when teaching others how and what to observe. !/er 
gentle, kindly and understanding patience made her 
a natural teacher, and very many owe to her their 
abiding love of natural history. 

Like her father, Miss Lister had a considerable 
acquaintance with fungi, and both did much to help 
the British Mycological Society through its early 
years: she was president in 1912 and again in 1°32, 
She was elected a fellow of the Linnean Society when, 
in 1904, fellowship was opened to women. A moving 
spirit in the Essex Field Club, even in her girlhood, she 
was its president during 1916-19. She also greatly 
assisted the School Nature Study Union, of which she 
was chairman for many years, for she felt that 
teachers, even in the most unpromising districts, could 
inspire their pupils to feel the wonder and joy of 
living things. Her wise counsel and quiet enthusiasm 
smoothed many paths. 

Miss Lister’s skill as an artist was often in request. 
She made the coloured drawings for the plates of 
her cousin F. J. Hanbury’s “Illustrated Monograph 
of the British Hieracia’’, and the line drawings for 
A. Dallimore and A. B. Jackson’s ““A Handbook of 
Coniferae’’. 

She was ever thrilled with Switzerland ; but Lyme 
Regis and Epping Forest were her real hunting 
grounds. The war years took their full toll of her 
remarkable energies, and when more normal times 
came, she was not able to resume her former activities 
in field and meeting-room, where she was so well. 
beloved. J. RAMSBOTTOM 


Prof. N. J. Kusnezov 


NIKOLAI JAKOVLEVICH KUSNEZOV, who died on 
April 8, 1948, was an outstanding figure in Russian 
entomology. He was born on May 23, 1873, in St. 
Petersburg, where he graduated from the University 
(1895) and spent all his long and fruitful life. After 
graduating, he was appointed demonstrator in animal 
physiology at the University and later became a 
lecturer, then a professor. He also lectured on 
entomology and insect physiology at the Institute of 
Applied Zoology; but, apart from his university 
work, his main interest was centred at the Zoological 
Institute of the Academy of Sciences, where he 
was in charge of Lepidoptera for more than forty 
years. 

Throughout his life, Kusnezov continued to 
combine physiological studies with serious entomolo- 
gical research, and his published papers (more than a 
hundred in number) reflect a broad general training 
and deep analytical mind. His scientific interests 
ranged widely: taxonomy, anatomy, palwontology, 
and phylogeny of Lepidoptera; problems of the 
origin of Arctic fauna, approached from a novel angle ; 
bionomics of Embiide ; ete. As a physiologist, he 
was interested in the effect of conditions of develop- 
ment on variation in Lepidoptera; but his life-work 
was the preparation of a compendium on insect 
physiology. His short text-book on the subject 
appeared in 1923, and a volume on insect physiology 
and toxicology, forming a part of a handbook by 
several authors, was published in 1935. The first 
volume of his great work “Foundations of Insect 
Physiology”” was completed in 1945; in 1947 he 
wrote to me that he had been promised that its 
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publication would commence and that soon he might 
be able to say nunc dimittis ; but the volume appeared 
only at the end of 1948, some months after his death. 
it is @ monumental work of 380 pages dealing only 
with metabolism, and it represents a most compre- 
hensive and cautiously critical summary of the 
literature. Unfortunately, the difficulties of keeping 
up with the current foreign literature were such that, 
by 1945, only papers published up to 1941 could be 
included. Nevertheless, the book is unique in its 
sope and execution, and we can only hope that the 
subsequent volumes will also see the light of day ; 
according to Kusnezov’s plan, there should be two 
more volumes, dealing with sense physiology, loco- 
motion, humoral and nervous regulation and inte- 
gration, as well as the physiological evolution of 
insects. 

Kusnezov’s competent translations of such out- 
standing foreign books as Lampert’s “Atlas of 
\icro-lepidoptera”’, Wigglesworth’s “‘Introduction to 
Insect Physiology” and D. Sharp’s volume on 
‘Insects”” in the Cambridge Natural History Series 
were important contributions to the development of 
Russian entomology. Sharp’s “Insects’’ was supple- 
mented by many new data, so that the Russian 
edition, published in 1910, is actually more complete 
and better illustrated than the original. 

Throughout his long career at the University and 
the Academy, Kusnezov was a stimulating teacher, 
wise counsellor and an exacting, but never unfair, 
ritic of more than one generation of Russian 
entomologists. Budding entomologists, of whom the 
present writer was one, used to go to Nikolai Jakov- 
levich with all their problems of general interest, and 
many of us learned from him the need for a broader 
approach to entomology than was usual at the 
time. 

Kusnezov had many foreign connexions by corre- 
spondence, and he also visited Germany, England and 
North America in 1907. In recent years, he felt 
deeply the isolation from Western colleagues ; in his 
last letter to me he said how much he would have 
liked once more to see England and the British 
Museum, where he worked forty years ago. 

B. P. Uvarov 


Mr. A. D. Combe 


By the sudden and unexpected death of A. D. 
Combe on May 23, at the age of fifty-five, African 
geology has lost one of its most striking and colourful 
personalities, and a career of brilliant achievement 
in Uganda and the adjoining territories has been 
unhappily cut short. 

Born in Adelaide in 1893, Combe was educated in 
Sydney, to which city his family had moved during 
his early years. While yet a boy he developed the 
keen interest in mineralogy which determined his 
choice of profession. Possessed of a high degree of 
independence, he first sought practical experience in 
mines and assay offices. During this period he worked 
in several of the most celebrated mines of Australia, 
afterwards returning to Sydney to study mining and 
geology at the Sydney Technical School. In later 
years it was a matter of keen regret to him that he 
had not pursued a full university course. Neverthe- 
less, his reputation was such that in 1921 he was 
appointed to the Geological Survey of Uganda as a 
field geologist. He became senior geologist in 1936 
and assistant director in 1949. Combe was a bachelor 
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whose life was passionately devoted to geological 
discovery. His other interests, closely related to the 
first, were photography and camping technique, in 
both of which he was an acknowledged adept. Dinner 
with Combe in the wilds was a social occasion that 
became a treasured memory. 

Most of Combe’s earlier years in Uganda, as well 
as parts of the later ones, were spent in mapping the 
tin- and gold-bearing areas of the south-west of the 
Protectorate. Although the primary object of this 
work was necessarily economic, Combe soon revealed 
his outstanding abilities and varied interests by 
making what are now recognized as classic investi- 
gations of the Pre-Cambrian Karagwe—Ankolean 
System and of the comparatively recent volcanic 
field of Bufumbira. His name will always be associ- 
ated with these highlights of Central African geology 
because of the magnificent memoirs for which he was 
mainly responsible: “The Geology of South-west 
Ankole”’ (1932), with its authoritative account of the 
Karagwe—Ankolean sediments, their tectonics and 
metamorphism and the associated granites and ore- 
deposits; and “The Volcanic Field of Bufumbira, 
Part 1”, with its detailed map and descriptions of 
dozens of volcanoes and scores of lava flows. 

It was in connexion with the potash-rich lavas of 
the Western Rift Valley that began, in 1929, my 
long collaboration with Combe. Since then, thousands 
of specimens collected by Combe from Bufumbira 
and Birunga, and from Ruwenzori and its peri- 
pheral volcanic fields, which he surveyed in detail 
in later years, have been sent for petrological 
and geochemical investigation. The Bufumbira 
results have already been published in Part 2 (1937) 
of the above-mentioned memoir, and it is expected 
that the unique rocks of the vents around Ruwenzori 
will eventually be described in a joint memoir which 
will be a lasting monument to Combe’s insight as a 
vulcanologist. Most of Combe’s latest work was con- 
cerned with the many problems of Pre-Cambrian 
correlation in East and Central Africa. No one was 
better equipped for this difficult task, for not only 
had he a background of unrivalled experience in the 
Karagwe-Ankolean and Toro Systems in Uganda, 
but also he had travelled widely in all the adjoining 
territories, and even far beyond, to study at first 
hand the critical exposures of a long series of ‘key’ 
areas. It is to be hoped that his numerous unpub- 
lished reports may yet be gathered together in the 
projected memoir on which he had been working 
shortly before his untimely death. 

Dr. K. A. Davies, director of the Geological Survey 
of Uganda, to whom I am indebted for some of the 
details of Combe’s life, adds the following tribute to 
his old colleague: ‘“‘His encyclopedic memory, his 
wealth of geological experience and his flair for the 
recognition of minerals became proverbial through- 
out East and Central Africa. As a surveyor and 
collector, few could emulate his care and complete- 
ness. During periods of leave he visited mines and 
studied geology in many parts of the globe, and 
everywhere he made friendships that endured. 
Africa in particular will grievously miss this huge- 
statured and good-natured geologist, who impressed 
everyone with his forthright manner and who had 
abundantly earned an enviable reputation for being 
always right.”’ In the history of African geology, 
Combe will always be given an honoured place for 
his solid contributions to Pre-Cambrian and economic 
geology, and to the vulcanology of the Western Rift. 

ARTHUR HOLMES 
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NEWS and VIEWS 


Geology at Birmingham : Prof. L. J. Wills 


Pror. L. J. W1ts retires from the chair of geology 
in the University of Birmingham at the end of this 
session. Prof. Wills, like his predecessors, has shown 
that he is no narrow specialist, and one has only to 
look at a list of his papers or read his books to realize 
this. He has throughout been a stratigrapher in the 
widest sense, and when carrying out detailed 
paleontological work has always had in view the 
fact that the plants or animals he is describing were 
once living organisms making up part of the environ- 
ment in which they lived. His early work on the 
flora and faunas of the Bromsgrove Trias gave a 
picture of a desert oasis with its inhabitants of 
scorpions living among the cycads; later his work 
on the Geological Survey took him on to the North 
Welsh Lower Paleozoic rocks of the Llangollen 
syncline, an area excellent for the teaching of young 
students, and many generations of Birmingham 
undergraduates have benefited from visits under his 
guidance to this district. Another line of research 
which Prof. Wills has followed deals with the history 
of*the Dee and Severn Rivers, and in this he has 
elucidated the history of these rivers and their 
relationship to the glacial episodes of the West 
Midlands and North Wales. Perhaps his most 
striking pieces of work, however, are his two books, 
“The Physiographic Evolution of Britain” and the 
““Paleogeography of the Midlands”. These epitomize 
his teaching of stratigraphy and have influenced 
teaching not only in Birmingham but also in all the 
universities throughout Great Britain. His many 
friehds and former students will wish him many 
years of happy and fruitful retirement, for, like so 
many geologists, he shows no sign of growing old. 


Prof. F. W. Shotton 


Pror. F. W. Suorron, of the University of Sheffield, 
who succeeds Prof. Wills, is a native of Coventry 
and was educated at Pablake School, gaining an open 
scholarship to Sidney Sussex College, Cambridge. 
After graduating, he spent a year on research at 
Cambridge. During 1928-36 he was a lecturer in 
geology in the University of Birmingham, returning 
to Cambridge in the latter year as a lecturer. He 
served in the Army from 1940 to 1945, being geological 
officer to H.Q. Middle East during 1941-43, and later 
he served with the Twenty-First Army Group in 
Normandy and Belgium. After the War he was 
appointed professor of geology in the University of 
Sheffield (see Nature, 155, 664; 1945). 


Dr. F. R. Tubbs 


East Malling Research Station : 

Dr. F. R. Tusss, who has been appointed director 
of the East Malling Research Station in succession to 
Sir Ronald Hatton, took up his new duties on July 1 
Dr. Tubbs, who is forty-one, studied at the Imperial 


College of Science and Technology. After graduating, 
he was awarded a Ministry of Agriculture post- 
graduate scholarship in plant physiology. For work on 
the effect of manurial deficiency upon the mechanical 
strength of barley straw, carried out under the 
direction of Dr. F. G. Gregory at Rothamsted, he 
was awarded the degree of M.Sc. After spending six 
months at the East Malling and Long Ashton 
Research Stations, he proceeded to Ceylon in 1930 
to found a Department of Plant Physiology at the 
Tea Research Institute of Ceylon. In 1935 he was 
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awarded the degree of Ph.D. in the University of 
London for a thesis on the influence of climate and 
type of pruning on the growth of tea. He also stucied 
methods of vegetative propagation, selection, ete., of 
the tea bush. After serving in the Army from 1939, 
he was placed on the retired list in December |: 45 
with the rank of lieut.-colonel, and returned to 
Ceylon to resume his investigations at the ‘Tea 
Research Institute. He returned to Britain in | 94 
to take up an appointment as manager in charge of 
the Horticultural Division of the Food Resear), 
Organisation of Messrs. Lever Bros. and Unilever. 
Ltd., at Sharnbrook, Bedfordshire. 


Statistics in the University of London : 
Dr. M. G. Kendall 


Dr. M. G. KENDALL has been appointed to a 
newly created chair of statistics in the University of 
London and will take up his appointment in October 
at the London School of Economics. Dr. Kendal] 
graduated in mathematics at Cambridge (Wrangler, 
1929) and entered the administrative class of the 
Civil Service in 1930. He became head of the 
Economics Intelligence Branch of the Ministry of 
Agriculture in 1938, resigning in 1941 to accept the 
post of statistician at the Chamber of Shipping. He 
became joint assistant general manager at the 
Chamber in 1946. Dr. Kendall’s interests have been 
largely in mathematical statistics, on which he has 
written numerous papers ; but he has also published 
work on the applications of statistics to problems 
of agriculture, shipping, etc. He has written the 
standard text-book on the “Advanced Theory of 
Statistics”. Dr. Kendall has also published “Tables 
of Random Sampling Numbers” (with B. Babington 
Smith, 1939), “Contributions to the Study of Oscil- 
latory Time-Series’’ (1946) and “Rank Correlation 
Methods” (1948). He has been very active in the 
Royal Statistical Society, in which he has held 
various offices; the Society awarded him its Silver 
Medal in 1946. Among the more recent of Dr. 
Kendall’s distinctions have been his election to the 
International Statistical Institute in 1948, and the 
award this year of the degree of Sc.D. of the Univer- 
sity of Cambridge. 


Water-Supply and Rainfall over the British Isles 
A STATEMENT has been issued by the Under- 
Secretary of State for Air relating to the recent 
shortage of rainfall over the British Isles and its 
effect upon the country’s water-supply. In it atten 
tion is directed to warnings given by water . 
that over much of England there is likely to be 
shortage of water during the next few months, aa 
this is followed by some statistics of recent rainfall, 
and some notes on the meteorological aspects of the 
situation. It is pointed out that the threat of short- 
age of supply is greatest for south-east England, 
where reliance is placed mainly on deep-seated water 
supply ; that deep water sources there are dependent 
for replenishment upon winter rainfall being at 
least up to the average. Much of the summer fall is 
lost by evaporation or taken up by vegetation, so that 
little or none percolates to great depths ; moreover, 
most of south-east England had less than 70 per 
cent of its average rainfall during the period October 
1948 to March 1949. The winter was not only dry, 
but also very mild. After the eight winters in the 
last fifty years that have been both mild and dry, 
the succeeding spring and summer were dry as often 
as they were wet, therefore no expectation of a return 
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to normal conditions can be based on the character 
of the past winter. Another discouraging feature is 
that the deficiency of rainfall is equally well marked 
over a large part of Europe. The immediate cause of 
the deficiency is the abnormal frequency and persist- 
ence of anticyclones over the area affected, combined 
with a displacement northwards of the tracks of the 
eastward-moving depressions with their attendant 
rin; but in the absence of any clue to the cause 
fthese abnormal features of the general circulation 
fthe atmosphere, their duration cannot be predicted. 


Sky Survey by the Schmidt Telescope at Palomar 

A prosect of photographing the heavens has been 
anounced by the National Geographic Society, 
Washington, D.C., which is sponsoring the scheme, 
ind by the Mt. Wilson-Palomar Observatories, which 
sill carry out the programme, and will be known as 
the National Geographic Society-Palomar Observ- 
story Sky Survey. The main work will be done by 
the 48-in. Schmidt telescope on Mt. Palomar, and the 
frst photographs will be taken on July 19, weather 
yermitting, on which night a ceremony will be held 
nthe Schmidt dome. It is expected that the work 
vill be completed in 1953, when three-quarters of the 
sky out to an average distance of 300 million light- 
years will have been photographed. Unusual phen- 
mena recorded by the Schmidt telescope will be 
studied more intensively later by the “‘pin-pointing 
ystrument of maximum penetration’’—the 200-in. 
giant at Palomar. Virtually identical exposures of 
ach area will be made by using both blue and red 
filters to permit comparisons of the widely different 
pictures obtained in the different colours. When 
mpleted, the Survey will record about 500 million 
stars and perhaps 10 million extra-galactic nebule. 
The “Sky Atlas’”’ which includes this survey will be 
the equivalent of about twenty large volumes, and it 
s hoped that the Atlas can be produced at a cost of 
2,000 dollars a copy. These will be supplied at cost 


price to observatories, astronomers, and higher 
educational institutions throughout the world “to 
ulvance the cause of human knowledge’’. The 


relatively low cost of production is due to the generous 
financial assistance rendered by the National Geo- 
graphic Society. This Survey will prove invaluable 
3 @ research guide for the great observatories and 
vill also be an immense boon for the smaller observ- 
stories, and for astronomers engaged in theoretical 
studies, who will be able to use the Survey photo- 
graphs without recourse to their own telescopic 
bservations. It is believed that the results will be 
an astronomical bible for at least a century to come. 


American Geologists for British Colonial Develop- 

ment 

REFERENCE was made in Nature of May 28 to the 
proposed recruitment of American geologists for 
service in various British Colonial geological surveys. 
It is stated in Economic Geology of May that the 
Economic Co-operation Administration has under- 
taken to finance in part the employment of about 
twenty-five geologists, petrographers and chemist- 
assayers for this purpose. The men will be employed 
by the U.S. Geological Survey, and it is proposed to 
recruit seventeen field geologists, two petrologists, 
two chemist-assayers and four ground-water geo- 
logists. The qualifications suggested are an honours 
degree in geology with five years professional field 
experience, and it is hoped that a few men of longer 
experience will also be attracted. They will be placed 
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in grades 6-8 of the U.S. Geological Survey 
according to qualifications, so that their salaries will 
range from about 8,000 dollars a year upwards. The 
fields in which they will be employed are given as 
Nigeria, Gold Coast, Sierra Leone, Kenya, Tangan- 
yika, Uganda, Nyasaland, North Borneo and Sarawak, 
and British Guiana. Recruitment is to be for three 
years, after which it is expected that British-trained 
geologists will be available. The measure is intended to 
be a temporary expedient devised to overcome lack of 
personnel in the Colonial geological surveys attributed 
to the interruption of training during the War. 


Uganda Society 


RECENTLY in these columns, accounts have been 
given of the formation of philosophical societies in 
two British Colonies in Africa. In Uganda there 
exists such a body which is well established, both in 
terms of years and activity of membership. The 
Uganda Society, a non-racial, cultural and scientific 
society, was reborn in its present form in 1933 through 
the inspiration of Mr. E. J. Wayland, then director 
of the Geological Survey, and Mr. (now Sir) Ralph 
Hone, then attorney-general in Uganda. Its trans- 
actions are published in the Uganda Journal (Oxford 
University Press) and include a range of subjects 
embracing ethnology, archeology, geology and local 
history. The Society has sponsored two major 
publications, namely: “A Guide to the Snakes of 
Uganda’”’, by Captain C. R. 8. Pitman; and “‘Uganda 
Memories”, by Sir Albert Cook. Other books are in 
course Of publication. The present membership of 
this Society, which it is hoped to increase further, is 
now more than seven hundred. The officers for 1949 
are: President, Dr. Goronwy ap Griffith; Vice- 
President, Rev. Father F. B. Gaffney ; Editor, Mr. 
W. V. Harris ; Librarian, Mrs. Barbara Saben ; Hon. 
Secretary, Mr. J. Addington; Hon. Treasurer, Mr. 
C. W. Stuart. The address of the Society is P.O. 
Private Bag, Kampala, Uganda. 


Education in Industry : Topics for Research 


In an interesting article in Further Education (3, 
No. 1; June-August, 1949), Dr. P. Dunsheath, the 
chairman of the British Association for Education in 
Industry and Commerce, discusses some of the prob- 
lems which have arisen as the result of the growth of 
education in industry. When considering the range 
of ability, outlook and intelligence among individuals, 
Dr. Dunsheath indicates that considerable research 
should be done on the basis of selection for technical 
courses. Then, remembering that the people affected 
by education and training in industry are of all ages 
and positions, he suggests that the problem of how 
far industrial organisation should concern itself with 
educational facilities for employees already well 
established should also be resolved. 

Among other questions raised by the author are 
the following. Should the practical training of 
engineering students precede a full-time course at a 
university or technical college, or should it follow 
the academic course on entry into industrial employ- 
ment, or should periods of practical work be inter- 
posed during the academic years in thé form of 
vacation or sandwich courses? Is it right for a 
young man destined to become a draughtsman or a 
designer to spend years at the bench becoming a 
skilled fitter? Can education be planned for co- 
operation? To what extent can arts graduates 
compete with science graduates for the senior posts 
in industry ? Is management within the next decade 
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going to be able to undo the harm done by trade- 
union indoctrination of suspicion of the employer 
among the rank and file? And, finally, will control 
in industry be in the hands of men of high mental 
calibre, or of those with political power, irrespective 
of personal suitability ? 


Young Workers in Industry 


THE annual report of the London Regional Advisory 
Council for Youth Employment for 1948 contains a 
review of legislation introduced during the year to 
improve the conditions of young workers in industry. 
This included the Employment and Training Act, 
under which local responsibility for the youth employ- 
ment service will be placed exclusively in the hands 
of local education authorities ; the National Insur- 
ance Act, which lowered the age at which young 
people can claim unemployment insurance benefit 
and increased both the rate of contribution and the 
rate of benefit; and the Factories Act, which pro- 
vides medical supervision for all young people under 
the age of eighteen employed in factories, in building 
and civil engineering and in shipbuilding. The report 
also contains a statement of the views of the youth 
employment officers of the London area on the 
effects of the additional year in school which followed 
the raising of the school-leaving age from fourteen 
to fifteen. There was a general improvement in 
physique, and most boys and girls of fifteen were 
much more decided as to their choice of job than their 
fourteen-year-old predecessors had been. So far as 
some of the boys are concerned, however, the tendency 
to approach work more seriously is struggling against 
a sense of frustration caused by the prospect of call-up 
for military service. Copies of the report may be 
obtained from H.M. Stationery Office, price 4d. 


Photographic Unit of the Royal Society of Medicine 

THE photographic unit which the Royal Society 
of Medicine established, thanks to the generosity 
of the Rockefeller Foundation, is approaching com- 
pletion of its short-term programme of rehabilitation 
of medical libraries which have suffered owing to the 
War. By the time this work is completed, some 150 
libraries will have received assistance in this way, and 
12—13,000 volumes (chiefly on film) will have been 
distributed. Further assistance of this kind can be 
given in return for payment, with, of course, the 
agreement of the publishers, who have very generously 
co-operated in the work now drawing to a close. 
This unit, equipped as it is for all kinds of scientific 
photography, is now able to undertake work for 
Fellows of the Society and other men of science. 
The range of activities covers the preparation of film 
strips and lantern slides (both standard and minia- 
ture), reducing X-ray negatives and making positive 
images from them, photography of patients and 
specimens, enlargements and also colour photography. 
All this work is, of course, undertaken in return for 
payment; but the fees charged are fixed on a non- 
profit making basis. Fellows of the Society receive 
the service at reduced fees, since they support the 
Society by their annual subscriptions. The work has 
been developed for the past two months, and con- 
siderable interest has been evoked, not only because 
of the high quality of the work done, but also because 
the Royal Society of Medicine, in setting up this unit, 
is making a very practical contribution to the ancillary 
services needed by a high proportion of the members 
of the medical profession. The services outlined above 
are available to all concerned with sciences allied 
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to medicine, as well as to those dealing with specific. 
ally medical subjects. Those interested should 
communicate with the Secretary, Royal Society of 
Medicine, 1 Wimpole Street, London, W.}. , 


Teaching Social Biology 


In the third of the series of occasional papers 
produced by the British Social Hygiene Couneil. 
Miss E. Watson makes a well-validated plea that 
social biology should form part of the curriculum for 
the training of all teachers and should not be left for 
the attention of the specialist alone. In teachers’ 
training courses the curriculum is traditionally 
divided into various branches such as principles of 
education, psychology, history of education and 
hygiene, and from each of these the social biologist 
could extract some part which could reasonably be 
included in a social biology course. This social biology 
course would develop within the existing course 
known as health education or hygiene, and, besides 
studying the functional aspects of the child in order 
to consolidate positive standards of health, would 
also consider the child in relation to its environment 
and society. Miss Watson then gives details of an 
admirably integrated syllabus which might be 
included in the curriculum of a university education 
department year or the second year of training college 
course. The paper, which contains a wisely written 
preface by Prof. E. J. R. Eaglesham, can be obtained 
from the Secretary, British Social Hygiene Council, 
Tavistock House North, Tavistock Square, London, 
W.C.1, price ls. 


Bee Research Association 

AN organisation of British beekeepers which is to 
be known as the Bee Research Association has 
recently come into being, with the object of pro- 
moting research on beekeeping and allied subjects by 
enabling beekeepers and others interested to give 
financial support to the investigations being carried 
out by beekeepers under the auspices of the British 
Beekeepers’ Association. The Association, besides 
promoting research among beekeepers, hopes to be 
able to help individual investigators with guidance 
and suggestions, and by putting them into touch 
with other individuals working on similar problems. 
It is also proposed to prepare a bibliography and, 
where possible, abstracts of all original scientific 
papers relating to bees, honey, etc., for the benefit 
of members. It is understood that, so far, a biblio- 
graphy containing about ten thousand references to 
papers published up to the year 1933 has been 
prepared. Further information can be obtained from 
the Honorary Secretary, Bee Research Association, 
Ltd., 330-331 Salisbury House, London Wall, London, 
E.C.2. 


University of Aberdeen 

Durine the graduation ceremonies at the Univer- 
sity of Aberdeen on July 8 and 9, the honorary 
degree of LL.D. was conferred on Prof. E. G. R. 
Taylor, emeritus professor of geography in the 
University of London. The degree of Ph.D. was 
conferred on the following, for the theses named: 
N. A. Bowen, “The Theory of Functions Analytic in 
an Angle and the related Tauberian Theory of Integral 
Functions” ; J. D. Burnett, “The Photopolymeriza- 
tion of Vinylidene Chloride”; W. Eastwood, “An 
Experimental Investigation of Engineering Problems 
in Water, Sand and Silt with special reference to 
Scale Model Technique”; S. Jamieson, ‘Clostridium 
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(Edematiens and Infectious Necrotic Hepatitis (Black 
Disease) of Sheep”; K. A. Munday, “The Pituitary 
and Carbohydrate Metabolism”; A. J. R. Murray, 
“The Ultrasonic Degradation of High Polymers’”’ ; 
s. R. Sengupta, “Diet and Resistance to Tuber- 
ulosis” ; G. A. Taylor, “A Study of Scale Effect in 
Hydraulic Model Experiments”; D. E. Tribe, “The 
Grazing Habits of Sheep: an Experimental Study” ; 
L. MacK. Valentine, “The Mechanism of Co-poly- 
merization Reactions’. 


University of Sheffield 

Tue Council of the University of Sheffield has 
made the following appointments: R. F. Wrighton, 
statistician in the Department of Social and Indus- 
trial Medicine; Mrs. Kathleen R. Ovens, tutor in 
wecial studies. The following resignations have been 
announced: Dr. T. D. H. Baber, lecturer in engin- 
ering mathematics (on his appointment as head of 
the Mathematics Department of Cardiff Technical 
College); Dr. J. D. Weston, lecturer in mathematics 
on his appointment as lecturer in mathematics at 
King’s College, Newcastle upon Tyne); Dr. T. E. T. 
Bond, lecturer in botany (on his appointment as 
senior lecturer in horticultural science in the Univer- 














sity of Bristol). 


Institution of Electrical Engineers: Officers for 

1949-50 

Tue following have been elacted officers for 1949 
50 of the Institution of Electrical Engineers: Presi- 
lent: Prof. E. B. Moullin: Vice-Presidents: H. 
Bishop, J. Eccles, Sir Archibald Gill, Sir John 
Hacking, Colonel B. H. Leeson ; Honorary Treasurer : 
H. Nimmo; Ordinary Members of Council: C. M. 
Cock, T. E. Goldup, 8S. E. Goodall, H. W. Grimmitt, 
J. Hall, Prof. Willis Jackson, H. L. Kirke, Sir George 
Nelson, J. S. Pickles, Dr. W. G. Radley, Dr. H. W. H. 
Warren, E. L. E. Wheatcroft, M. W. Humphrey 
Davies, J. M. Ferguson, J. E. I. Robinson, Dr. J. A. 
Saxton, Sir Cyril Hurcomb, A. V. Milton, and chair- 
men and past-chairmen of sections and local centres. 


Leverhulme Research Fellowships, 1949 


Awarps for 1949 made by the Leverhulme Trustees 
include the following: Fellowships: J. Ewles, senior 
lecturer in physics, University of Leeds (luminescence 
of solids and of substances adsorbed on solids) ; 
M. C. Goodall, research engineer, Marconi, Ltd., 
Chelmsford (elementary particles and the foundations 
of quantum mechanics) ; S. H. Higgins, bleachworks 
manager (a history of the bleaching industry); J. T. 
Kendall, research chemist, Metropolitan-Vickers 
Electrical Co., Ltd., Manchester (electronic con- 
duction in homopolar crystals); Prof. L. Newton, 
professor of botany, University College, Aberyst- 
wyth (agar-producing Rhodophycee of Australia and 
their modes of perennation) ; and Dr. H. M. Wood- 
man, Sudan Medical Service (chemo-therapeutic 
treatment of filariasis in the Southern Sudan). 
Research Grants: J. S. P. Bradford, University 
demonstrator in ethnology, Oxford (survey of recently 
discovered prehistoric Roman and medieval sites in 
Southern Italy); Prof. A. H. Cox, professor of 
geology, University College, Cardiff (stratigraphical 
and structural studies in the older paleozoic rocks of 
Central and West Wales); G. E. Fussell, Ministry 
of Agriculture (history of British farm implements 
and machinery, 1500-1900); W. F. Grimes, Sub- 
Committee for Petrology, Council of British Arche- 
ology (petrological examination of stone implements 
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of the Neolithic and Bronze Ages in Britain); Prof. 
A. C. Hardy, Linacre professor of zoology, University 
of Oxford (zoo- and phyto-plankton inter-relation- 
ships); Dr. G. W. Harris, lecturer in physiology, 
University of Cambridge (neural control of the 
pituitary gland); Dr. J. R. F. Joyce, Mineralogy 
Department, British Museum (Natural History) 
(petrological relations of the rocks of part of Mar- 
guerite Bay, Antarctica); F. H. Ludlam, Meteor- 
ological Office, Air Ministry (physics of atmospheric 
clouds); T. B. Mitford, Classics Department, Univer- 
sity of St. Andrews (excavation of the Temple of 
the Nymph, Kafizi, Cyprus); D. A. McDonald, 
senior lecturer in physiology, Medical School, St. 
Bartholomew’s Hospital, London (the role of the 
hypothalamus and brain-stem in the regulation of 
the autonomic nervous system) ; and J. B. McIntyre, 
senior lecturer in metallurgy, National Foundry 
College, Wolverhampton (refractory metal moulds 
for metal castings). 


The Rare Brown Bog-Rush 

WE are informed by the Botanical Society of the 
British Isles that a portion of the locality near 
Borenich, Perthshire, has been fenced off by the 
North of Scotland Hydro-Electric Board. Plants 
within this area are being protected from the tree- 
felling in progress and are being reserved for trans- 
planting to a new site, since the present site will in 
due course be under seventeen feet of water from 
Loch Tummel. Here the very rare brown bog-rush, 
Schanus ferrugineus, grows. Anyone collecting plants 
in this vicinity is therefore asked to avoid this 
fenced-off area. 


Announcements 

Sm C. V. Raman, head of the Department of 
Physics, Indian Institute of Science, Bangalore, has 
been elected a foreign associate of the Paris Academy 
of Sciences in succession to the late Prof. G. H. Hardy. 


THE Minister of Commerce, Northern Ireland, has 
appointed Sir Roland Nugent, Minister in the Senate, 
to be chairman of the Council of Scientific Research 
and Development in succession to Sir David Lindsay 
Keir, who has resigned in view of his impending 
departure for Oxford. 

THE following appointments have recently been 
announced by the University of London: Dr. R. K. 
Kisenschitz, to be reader in theoretical physics ; Dr. 
G. O. Jones, to be reader in experimental physics. 
Both appointments are tenable at Queen Mary College. 


A RESIDENTIAL summer school, dealing with various 
aspects of wool, is being arranged by the Inter- 
national Wool Secretariat. It is specially designed 
to assist teachers in all types of school, and will be 
held during August 22-27 in the Department of 
Textile Industries, University of Leeds. The fee for 
the course is 10s. 6d. Further information may be 
obtained from the Director of Education, Inter- 
national Wool Secretariat, Dorland House, 18-20 
Regent Street, London, S.W.1. 

Tue exhibition of “Traditional Art of the British 
Colonies” arranged at the Royal Anthropological 
Institute, 21 Bedford Square, London, W.C.1, in con- 
nexion with the “Colonial Month”’ (see Nature, June 
18, p. 948), is remaining open until August 4. 

Erratum. In the communication “Release of 
Histamine by Ammonia” in Nature of July 2, p. 24, 


the vertical axis of the graph should read: “Hista- 
mine (ugm./gm. of tissue)’’. 
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Discharges Excited by Microwaves 

By means of a merchant marine radar set, Type 
268, which develops microwaves of wave-length 
3-2 em., power from a pulsed-type 7254 magnetron 
was fed through a rectangular wave-guide into tubes 
containing air, nitrogen, neon, argon, helium and 
mercury vapour. The peak power output was 40 kW., 















































at a recurrence frequency of 500 cycles per second, Fig 
the duration of a single pulse being 0-75 micro- 
second. A study of the resulting luminous discharges 
has revealed the following interesting features. Fi 
(1) To initiate a discharge, a priming source such resu 
Ta.1 ‘ ; k-cl >: 8 " I a 4 i Fig. 2. Photograph showing the sharply defined luminous column ahe 
as a Tesla lea -chaser 1S necessary. Alternativ ely ’ at a pressure of 22 mm. Much of the light near the end of the lis a 
a source of light near the discharge tube is often wave-guide is due to reflexions from the glass wall of the spherical of tl 
: discharge vessel ; 
satisfactory. Res 
(2) In air, the minimum pressure at which a dis- surface, at a region adjacent to the end of the wave. burs 
charge could be obtained in a cylindrical tube was guide. Its general appearance is shown in Fig. 2. The Cou! 
about 0-3 mm. mercury, the maximum pressure cross-section of this column is approximately square, Nix 


about 67 mm. By way of contrast, if the same tube with each side equal to about 0-5 in., the shorter 
is used, excitation by the use of external electrodes dimension of the wave-guide. Its direction is un. 
attached to a high-frequency circuit of 6 megacycles changed if the position of the wave-guide is altered, 
per second causes discharges at pressures lower than provided the end of the guide is left in a position 
10-? mm. mercury but not above 20 mm. opposite the same place on the tube. With tank Kin 
(3) Whether a cylindrical tube or a spherical nitrogen, not specially purified, a similar column, 
vessel is used, the luminous discharge which occurs yellowish in appearance, is obtained at about the 
opposite the end of the wave-guide clings to the same pressure. 





walls. With a spherical vessel, the discharge has the Although at this stage of the discharge no after. 
fan-like appearance shown in Fig. la, a photograph glow is observed visually, the spectrum of the ex T 
taken in air at a pressure of 1 mm. Fig. 1b, en- tended column showed, in air, the continuous region fou 
larged to the same scale, is taken at a pressure of characteristic of an air afterglow, and, in nitrogen, 10- 
15 mm. and shows the reduction in size of the fan-like the characteristic spectrum of active nitrogen, a vali 
lobes with increasing pressure, as well as the serrated photograph of which, in the visible region, is repro tior 
or striated edges which appear at higher pressures. duced in Fig. 36. To obtain these spectra, a toothed acit 
(4) At pressures ranging from 0-3 mm. to 3 mm.,_ disk, attached to the shaft of the 500 e.p.s. A. (H, 
the discharge described in (3) is accompanied, in air, generator which triggers the pulse-forming network anc 
by a general greenish luminescence which fills the of the magnetron, was so aligned that light from the sus 
whole tube and persists for several seconds, like the discharge at the time of the pulse was cut off, and anc 
well-known air afterglow. At a pressure of some the afterglow of short duration transmitted. With by 
20 mm., in a spherical vessel, a narrow well-defined a similar arrangement, spectra of an afterglow of } 
greenish column extends for a distance of 10 or 15cm. short duration in mercury vapour have been taken. the 
across the tube in a direction perpendicular to the Afterglows, which have not yet been examined in stre 
. detail, were also observed with neon, argon and per 





helium. for 
(5) A comparison of the spectra of microwave bor 
discharges in air with those obtained by high- wit 
frequency excitation and external electrodes shows bor 
that microwave discharges resemble the negative the 
glow rather than the positive column of a typical cry 
high-frequency discharge. For example, at a pressure gel 
of 0-5 mm., with microwave excitation, the intensity If 
of the first negative bands of nitrogen with respect mo 
to the second positive bands is much greater than ex] 
with high-frequency excitation, and, at 3-8 mm., the 
first negative are entirely absent in the positive ne} 
column of the high-frequency discharge, although me 
still present in the microwave discharge. na 
(6) A similar comparison made with mercury of 
vapour shows that, even at temperatures exceeding 51 
200° C., quasi-molecules are formed with difficulty in th 
microwave discharges. The regions of continua which (tk 
occur at high densities with marked intensity with an 
high-frequency excitation, as well as certain diffuse pi 
‘e) — bands characteristic of such molecules, are either ab- in 
sent or present with feeble intensity in the micro- mi 


Fig. 1. Photographs showing fan-like discharges, (a) at a pressure > : 
of 1 mm. mercury ; (6) at a pressure of 15 mm. wave discharge. m\ 
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first positive 


siderable relative magnitude ex- 
isted, then a more permanent 
and adjustable temperature con- 





agit trol would have been set up. 
The temperature actually varied 
() from about — 5° to — 15° 
during the course of the read- 
ings. The quartz fibres used 
(»» could not be very fine, be- 
cause of the experimenta! diffi- 
culty of manipulating the large 


. me . ice crystals; that finally used 
6 NO bands a bands was one which required an 
Fig. 3. (@) Spectrum of main discharge in nitrogen; and (6) spectrum of afterglow, both angle of twist (Krishnan and 


at a pressure of 43 mm. 


Full details and a discussion of these and other 
results at present under investigation will be pub- 
lished elsewhere. This work has been possible because 
of the generous loan of the radar set by the Defense 
Research Board of Canada, and the awards of a 
bursary to J. R. Kenney by the National Research 
Council of Canada and of a scholarship to W. C. 
Nixon by the Research Council of Ontario. 


J. K. RoBERTSON 
J. R. KENNEY 
W. C. Nrxon 


Queen’s University, 
Kingston, Ontario. April 20. 


Diamagnetic Susceptibility and 
Anisotropy of Ice 

THE diamagnetic susceptibility of ice has been 
found' to have the mean value at 0° C. of — 12-65 x 
10-* ¢.G.8. E.M.U./mole. This is very similar to the 
value of the mean susceptibility of water of crystalliza- 
tion in organic molecules. For example, succinic 
acid (CH,.COOH),, and oxalic acid hydrate 
(H,O.COOH),, have mean susceptibilities of — 54-45 * 
and —56-09 * (x 10-*. respectively. The mean 
susceptibility of the CH, group is known to be — 11-8, 
and application of Pascal’s additive rule would give, 
by simple substitution, the value of — 12-6 for H,O. 

No measurements appear to have been made of 
the diamagnetic anisotropy of single ice crystals. The 
strength of ice differs considerably parallel and per- 
pendicular to the principal axis c. This is because, 
for cleavage or slipping parallel to the c axis, two 
bonds per unit cell must be broken, as compared 
with one for perpendicular directions. The only 
bonds in ice are long hydrogen bonds ; if, therefore, 
the diamagnetic susceptibility of ice or of water of 
crystallization were a directive property of the hydro- 
gen bond, one might expect a considerable anisotropy. 
If it were a property only, or mainly, of the water 
molecules themselves, very little anisotropy would be 
expected. 

In fact, the diamagnetic anisotropy is almost 
negligibly small; so small that it is difficult to 
measure. Blocks of ice were cut from a sheet grown 
naturally in cold weather on the surface of a dish 
of London tapwater; these were from 13 mm. x 
5mm. X 3 mm. upwards in size, and X-rays showed 
that the c axis was parallel to the smallest dimension 
(that is, perpendicular to the surface of the ice sheet), 
and that they were single crystals. The magnet pole- 
pieces were packed round with solid carbon dioxide 
in order to attain a temperature at which the measure- 
ments could be made; if the preliminary experi- 
ments had shown that an anisotropy of some con- 


Banerjee’s displacement 
method‘) of 3,200° for a benzil 
crystal of mass 0-0154 gm. and anisotropy 45-6 x 
10-*. The ice crystal, the mass of which was de- 
termined sufficiently exactly from its volume and 
density, was fastened to the lower end of the cali- 
brated quartz fibre, with the c axis horizontal, by 
means of a very small stirrup of filter paper, the 
anisotropy of which was also measured. No other 
means of suspension was found to be satisfactory, and, 
indeed, this was not at all ideal, for the anisotropy 
of the stirrup was comparable with that of the ice, 
and unless the paper was frozen on to the ice so 
that their anisotropies added up, the composite effect 
was that the crystal would not rest with its c axis 
either axial or equatorial in the magnetic field. In 
fact, it behaved very much like an isotropic crystal 
of lithium fluoride of the same dimensions which 
was compared with it under similar conditions. 
The largest positive result observed, for a crystal 
which did set definitely with its c axis equatorial, 
was Ya — Xc = 0-06 x 10-*, giving the separate 


values : 
Xe = — 12-68 x 10-* c.G.s. E.M.U./mole. 
Xa = — 12-62 x 10-* c.G.s. E.M.U./mole. 


It may be mentioned that the difference of the 
refractive indices in these two directions in ice-crystals 
is also extremely small. 

KATHLEEN LONSDALE 

University College, 

London, W.C.1. May 3. 

* Cabrera, B., and Fahlenbrach, H., Naturwiss., 22, 417 (1934). 

* Gray, F. W., and Birse, W. M., J. Chem. Soc., 105, 2707 (1914). 

* Lonsdale, K., J. Chem. Soc., 365 (1938). 

‘ > K. 8., and Banerjee, 8., Phil. Trans. Roy. Soc., A, 234, 265 
* Merwin, H. E., “Intern. Crit. Tables’’, 7, 17 (1930). 


Positions of Three Discrete Sources of 
Galactic Radio-Frequency Radiation’ 

IN a recent communication! an account was given 
of the discovery of a number of discrete sources of 
galactic radio-frequency radiation. Accurate measure- 
ments of the position of three of these sources have 
since been made from sites on the east and west 
coasts of New Zealand and on the east coast of 
Australia. The technique employed was to observe 
the sources at rising or setting, with an aerial on a 
high cliff overlooking the sea. These observations, 
when corrected for atmospheric refraction, allow the 
path of a source above the horizon to be plotted, 
and the time of its rising and setting—and hence its 
celestial co-ordinates—to be determined. 

It is found that all three sources correspond within 
limits of experimental error to positions of certain 
nebulous objects. The positions of the sources 
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Source Possible associated visible object 

a Right ascension Declination Object Spectrum Remarks 2 

Taurus A 5h Sim 00s + Sie + 22° Ol’ + 7 N.G.C, 1952 | Continuous. Weak emission | The Crab nebula, expanding 
(Messier 1) lines of H, He, forbidden shell of an old super-nova 

lines of N, O and Si | 

Virgo A 12h 25m 6s + 378 + 12° 41° + 10 N.G.C, 4486 | Continuous | Spherical nebula—un- 
(Messier 87) | resolve 

Centaurus A 13h 22m Que + 60s — 42° 37 + 8 N.G.C. 5128 | Continuous. Weak emission Unresolved nebula crossed 


determined and details of these objects are given in 
the accompanying table. 

The position of the source Taurus A agrees, within 
the limits of experimental error, with that of the 
Crab nebula. This is believed to be the expanding 
shell of the supernova of a.p. 1054. The present 
dimensions of the nebula are 4’ x 6’, and photo- 
graphs taken with different wave-length ranges show 
considerable fine structure, including H« filaments. 
The emission from the nebulosity is some 600 times 
that of the central star identified by Baade*. Minkow- 
ski* considers that most of the radiation from the 
central star is in the far ultra-violet and estimates 
the surface temperature as 500,000° K. He suggests 
a temperature of 50,000° K. for the nebulosity and 
explains a low ratio of Ha to [N II] emission as being 
due to a deficiency of hydrogen. It should be pointed 
out, however, that a much higher temperature would 
have a similar effect on this ratio and at the same 
time increase the electron density. Intensity measure- 
ments we have made at 100 Mc./s., assuming a source 
size of 5’, give an apparent temperature of 2,000,000 
K. for Taurus A. The present estimates of density 
and temperature in the Crab nebula would fall well 
short of explaining this result by strictly thermal 
processes. Non-thermal components resulting from the 
expansion of the nebula do not, however, seem unlikely. 

Both N.G.C. 5128 and N.G.C. 4486 are generally 
classed as extra-galactic nebule, though Paraske- 
voulos* considers that the position of the obscuring 
band splitting the disk of N.G.C. 5128 into halves 
is unusual. Such obscuring bands are normally seen 
in nebule viewed on edge. Neither of these objects 
has been resolved into stars, so there is little definite 
evidence to decide whether they are true extra- 
galactic nebulz or diffuse Nebulosities within our own 
galaxy. If the identification of these objects with the 
discrete sources of radio-frequency energy can be 
accepted, it would tend to favour the latter alterna- 
tive, for the possibility of an unusual object in our 
own galaxy seems greater than a large accumulation 
of such objects at a great distance. 

Full details of the technique and observations in- 
volved in the determination of the positions of these 
three discrete sources will be published elsewhere‘. 

This work is part of the research programme of the 
Division of Radiophysics, Commonwealth Scientific 
and Industrial Research Organisation, Australia. 

J. G. BoLTon 
G. J. STANLEY 
O. B. SLEE 
2adiophysics Laboratory , 
Commonwealth Scientific and Industrial 
Research Organisation, 
Australia. May 2. 
' Bolton, J. G., Nature, 162, 141 (1948). 
* Baade, W., Astrophys. J., 96, 188 (1942). 
* Minkowski, R., Astrophys. J., 96, 199 (1942). 
* Paraskevoulos, J. S., Harvard Bull. 890, 1 (1935). 
* Bolton, J. G., and Stanley, G. J., Aust. J, Sci. Res., A (in the press). 
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Resonance Effects in the Reaction 
H,*(d,n)He,* 


THE excitation function of the reaction 


H,* + H;? He,* + n + 17-6 MeV. 


has been studied over an energy-range of 90-190 keV. 
using the low-voltage accelerator of this Establish. 
ment. A thick target of heavy ice was bombarded 
with a beam containing tritium ions, and the alpha- 
particles emitted were observed in a proportional 
counter. Evidence has been found for a resonance in 
the cross-section of the reaction for an energy of the 
incident tritium ions of (155 + 15) keV. The cross- 
section at the peak of the resonance is several barns. 
The experiment was performed as follows. 

Hydrogen containing between 0-01 and 0-02 per 
cent of tritium was admitted to the ion source, and 
a collimated beam of about 10 pamp. (containing 
more than 90 per cent monatomic ions) was allowed 
to fall directly on to a layer of heavy ice held on a 
cooled silver plate. The amount of charge arriving 
at the target was measured by observing the rise 
of potential across a condenser connected between 
it and earth, care being taken to prevent the emission 
of secondary electrons or collection of stray electrons 
by the target. The alpha-particles emitted in a 
direction at 90° to the incident beam were observed 
with a proportional counter. The excitation curve 
of the reaction was obtained by counting the number 
of alpha-particles entering the counter during the 
collection of a definite amount of charge by the target, 
while bombarding with ions of the desired energy. 
Frequent checks were made of the disintegration 
yield at a standard energy (usually 144 keV.) to 
detect any possible changes in the beam com- 
position or in the target efficiency. The results are 
finally expressed as the ratio of the counts at any 
desired energy to the counts at the standard 
energy. 
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comparison may be made between the 
excitation functions of the two re- 
actions. For this procedure to be cor- 
rect, it must be borne in mind that the 
two reactions show different angular 
distributions of the emitted particles, 
that for the T—D reaction being fairly 
isotropic (see ref. 3), whereas that for 
the D—D reaction is of the form (1 + 
A cos*@), where 6 is the angle in the 
centre of gravity space between the pro- 
ton emitted and the incident deuteron. 
It would seem to be necessary to com- 
pare the excitation functions of the two 
reactions under conditions such that 
only the S-wave penetration is effect- 
ive‘, that is, observation at 90° to 
the incident beam, so that the term 
containing A vanishes. If, then, 
the ratio of the yields of the two 
reactions for the same relative vel- 
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During two of the runs, about 2 per cent of 
deuterium was mixed with the gas fed into the ion 
source, and the protons emitted from the D—D 
reaction were observed simultaneously with the 
alpha-particles emitted from the T—D reaction ; the 
pulses from the two kinds of particles, being widely 
different in amplitude, could easily be separated by 
the use of two discriminators. As the excitation 
function for the D—D reaction is well known’, it 
is thus possible to keep a check on the operating 
conditions without referring back to a standard 
bombarding energy. In all cases the results were 
substantially the same; the excitation curve being 
the S-shaped curve shown in Fig. 1, with a point of 
inflexion at about 155 keV. In order to obtain the 
cross-section from the total disintegration yield for 
dN dE. 

‘ is used ; 
dE dz 
where N is the yield at energy 2, and dE/dz is the 
rate of energy loss of a tritium ion of energy £ in 
heavy ice. Values of dE/dx have been deduced from 
the work of Crenshaw? on the loss of energy of 


deuterium ions in heavy water. dN/dE was obtained 
dN dE 
dE * dx’ 
gives a quantity proportional to the cross-section 
which shows a maximum at about 155 keV. If this 
product is plotted against energy and joined to the 
low-energy values for the cross-section obtained by 
Bretscher and French’, a value of about 6 barns is 
found for the maximum of the resonance. 
Alternatively, the nature of this resonance may 
be shown in the following way. The rise with energy 
in the yields of both the D—D and the T—D reactions 
is partly due to the Gamow penetration factor 
(entirely so in the case of the D—D reaction), which 
at low energies is a function of the relative velocities 
of the two particles and is similar in the two cases. 
If, therefore, observations are made at energies 





a thick target, the relation o « 


from the curve of Fig. 1. The product, 


ar . 3 
corresponding to equal velocities (27,p = 5 Zp,p) 4 


160 


French (taken from smoothed curves) 


180 200 ocities is plotted against energy, we 
can expect a quantity from which 
the Gamow penetration factor has 
been substantially eliminated and 
which shows up only the resonance 
term. A graph showing the result of 
such analysis is shown in Fig. 2. For 
reference the results of Bretscher and 
French are also shown. This method has also the 
advantage that no knowledge is required of dE/dz, 
since this quantity is the same for both bombarding 
particles at equal velocity. 

The tritium used in these experiments was pro- 
duced in the Harwell Pile and extracted by the 
Isotopes Division. 


D. L. ALLAN 
M. J. PooLte 
Atomic Energy Research Establishment, 
Harwell. 
May 16. 


* Bretacher, E., French, A. P., and Seidl, F. G. P., Phys. Rev., 73 
(1948). Allan, D. L., and Poole, M. J. (unpublished work). 

* Crenshaw, C. M., Phys. Rev., 62, 54 (1942). 

* Bretacher, E., and French, A. P., Phys. Rev., 75, 8 (1949). 

* This is strictly only ible in the absence of spin-orbit coupling. 
However, nothing is known about spin-orbit coupling in the T—D 
reaction. so for the purposes of this analysis it has been neglected. 
See Konopinski, E. J., and Teller, E., Phys. Rev., 73, 8 (1948) 
for a discussion of spin-orbit coupling in the D—D reaction. 
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Interferometric Examination of Hardness 
Test Indentations 


By means of multiple-beam interference methods 
we are carrying out a systematic examination 
of the distortions produced on _ various _ sur- 
faces by standard diamond hardness indenters, in- 
cluding respectively (1) Vickers pyramid, (2) Rock- 
well cone, (3) Knoop pyramid, (4) double-cone 
indenter (devised by P. Grodzinski), using micro- 
and macro-indenters. Owing to their widespread use, 
we report here first some preliminary observations 
made with a Vickers diamond pyramid and with 
a Rockwell cone, since these are of particular 
interest. 

The technique is simple. The metal to be examined 
is first highly polished, and then an indentation is 
made with a standard load. The metal surface is 
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then brought close to a silvered optical flat. It has 


now been established in this Laboratory that if the 
reflectivity of the silver on the flat is closely critically 
adapted in accordance with the natural reflectivity 
of the indented metal surface, then under suitable 
conditions highly sharpened multiple-beam fringes 
can be formed. 











We have examined by this means indentations on 
the following surfaces with diminishing hardnesses : 
(a) Widia metal (sintered tungsten carbide) polished 
with diamond powder, (6) nickel-chromium—molyb- 
denum alloy with composition Cr/Ni/Mo equal 18/8/3, 
(c) typical commercial silver steel. We have used both 
monochromatic Fizeau fringes and white-light fringes 
of equal chromatic order, the combination of such 
multiple-beam fringes proving itself powerful. Fig. | 
shows the interference fringes (linear magnification 
is xX 160) surrounding two approximately ‘square- 
base’ micro indentations made, on Widia metal, 
using a micro-load of 500 gm. only. It will be seen 
that the surface surrounding each indentation is 
slightly distorted in an interesting manner, being 
raised up in a series of curved ridges, one in each 
quadrant. Attention is directed to the fact that these 
fringes touch the corners, that is, no distortion pro- 
jects beyond the diagonals; but the distortion is a 
maximum beyond each median bisecting the sides 
of the square. Fig. 2 (at 210) shows fringes of 
equal chromatic order across a median and is very 
revealing. It is seen that the metal rises very abruptly, 
practically vertically from the inside of the indenta- 
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tion, up to a height of the order of 1,000 A., and then 
falls off in a regular manner. The actual total dis. 
tortion extends to about four times the sharp side 
of the square of the indentation. Because of the 
microcrystalline nature of the sintered carbide, no 
slip band effects have been detected. Fig. 3 shows 
an indentation made in the nickel—-chrome-molyb. 
denum alloy, using a load of 5 kgm. The serious 
extent of the distortion is obvious, and its form js 
self-evident without further comment. Again it 
may be noted that distortion is a minimum in the 
direction of the diagonals and a maximum in the 
direction of the medians. It can be seen how the 
metal has, in fact, flown and heaped up during the 
indentation. The increased distortion with a 10-kgm. 
load is shown in Fig. 4. Fig. 6 shows the 5-kgm. 
indentation on the silver steel. Three features are 
here apparent : (1) the maximum flow along medians, 
2) the minimum flow along diagonals, (3) the irregular 
shape of the flow, partly indicative of local structural! 
non-uniformity in resistance to flow, but partly due 
to relatively poor initial polish of the specimen. 

Figs. 1, 3, 4, 6 show the clean ‘cu_ting’ action of 
the sharp edges of the pyramid, as distinct from the 
piling up against the faces. It is of interest to com 
ment on the fact that metallurgists measure the 
diagonals and not the sides of the indentation ‘square’ 
in arriving at hardness numbers. It is clear from the 
figures that this is the better measurement, since the 
distortion along the diagonal is a minimum and this 
should therefore produce more consistent figures 
than measurements of the side. It is customary to 
average the diagonals, and it is often assumed that 
a ‘kite’-shaped figure (diagonals of different size) is 
due to non-perpendicular incidence of the direction 
of indentation. It may be, however, that local dis- 
tortion is not uniform, and this would then be shown 
up by interferometry if employed. 

In Fig. 5 we show an indentation (at x 22) made 
on the Cr/Ni/Mo alloy with a Rockwell cone, using 
a somewhat smaller load than the 5-kgm. lower limit 
of the particular machine available. Although the 
outline of the impression is reasonably circular, there 
is @ surprising asymmetry in the distribution of flowed 
material. Three possible explanations occur to mind. 
Thus (1) the diamond cone may have sharp pro. 
jeciions; yet this seems unlikely, for the pyramid 
indentation fringes show that a very sharp-angled 
projection would be needed; (2) the cone may be 
penetrating at a skew angle; this would, however, 
probably have revealed a markedly elliptical in- 
dentation ; (3) the quality of the polish on the cone 
face varies and there is marked variation in frictional 
resistance to penetration. The third explanation 
appears the most plausible, and is being explored 
further. Attention is directed to the wide extent 
of a slight unsymmetrical distortion, extending well 
beyond the indentation. 

We have made sets of observations on indentations 
with increasing loads, and a fuller report will be 
communicated elsewhere. 

We wish to thank Dr. P. Grodzinski for assistance 
with the preparation of the specimens, and the 
British Iron and Steel Research Association for a 
grant for the purchase of equipment. 

S. TOLANSKY 
D. G. Nickots 
Physics Laboratory, 
Royal Holloway College, 
Egham, Surrey. 
Jan. 28. 
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An X-Ray Method for Studying Rapid Phase 
Changes in Steels at High Temperatures 


Tue effects of temperature on transformations in 
steels have in the past usually been studied at room 
temperature after quenching. Thus, in a typical 
experiment, a specimen in the form of @ rod was 
heated in such a manner as to establish a temperature 
gradient, so that the range of temperature in the 
specimen covered the region of interest. The rod 
was then quenched and zones (corresponding to 
particular temperatures at the time of quenching) 
examined by X-rays at room temperature. In this 
way information was obtained on the dependence 
of transformations on temperature. This method has 
two objectionable features. Primarily, the quench 
itself promotes transformations (austenite — martens- 
te being a well-known example), so that the quenched 
material studied at room temperature is not the same 
as that prior to quenching. Secondly, the ‘resolution’ 
f the transformation is limited by the number of 
bservations made. 

Later workers have resorted to X-ray studies at 
high temperatures, and several cameras have been 
designed in order to study transformations as they 
ecur. These instruments have almost invariably 
incorporated photographic films, and the major diffi- 
culty here is the time factor. In order to make a 
detailed study of a phase change, exposures of the 
order of half an hour or more are required at a par- 
ticular temperature. This presupposes that the tem- 
perature of the specimen is kept sensibly constant 
for this period. In order to study a transformation 
over a considerable range of temperature, many such 
exposures are required, and the time involved is 
consequently long. 

In general, the X-ray diffraction patterns of the 
phases present during the course of a transformation 
are well known. It is therefore unnecessary to record 
them completely in order to follow the course of the 
transformation. Invariably the phases of interest 
have isolated and unique diffraction angles. This 
fact is utilized in the method which is now in course 
of development in these Laboratories, in order to 
study transformations in steel. 

In this method the specimen in the form of a 
thin plate approximately 1 cm. square is mounted 
in an evacuated cylindrical furnace of length/diameter 
ratio of about 3, with the plane surface of the speci- 
men parallel to the furnace axis. X-Rays diverging 
from the focus of the X-ray tube, or from a slit in 
front of the tube window, irradiate one side of the 
specimen, entering and leaving through mica windows 
opposite the open ends of the cylindrical furnace. 
The low-angle diffracted radiation is approximately 
focused by the plane specimen on to the slit of a 
Geiger—Miiller counter, which is situated so as to 
receive a strong diffraction line from the low- 
temperature phase. 

The pulses from the Geiger—Miiller tube are fed to 
a recording counting-rate meter, in which for each 
discharge of the Geiger—Miiller tube a fixed charge 
is conveyed to a parallel resistance-capacity circuit. 
The voltage across this circuit is amplified and oper- 
ates @ pen recorder, which thus provides a continuous 
record of the proportion of the low-temperature phase 
present. By raising the temperature and by simult- 
aneously recording temperature and counts per second, 
the progress of the phase change may be studied, 
changes taking place in a time of the order of 1 second 
being clearly revealed. The use of low-angle scattering 
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ensures that the angle is not appreciably affected 
by the. thermal expansion of the specimen. 

The method has been tested by observations on 
the (211) line from «-iron at the «—¥y transformation, 
& typical record being reproduced here. It is hoped 
at an early stage to record diffracted lines from low- 
and high-temperature phases simultaneously, and 
thereby increase the amount of information derived. 

H. T. HEA 
J. SAVAGE 
Physics Laboratories, 
British Iron and Steel Research Association, 
140 Battersea Park Road, 
London, 8.W.11. 
Jan. 11. 


An Automatic Recording Infra-Red 
Spectrometer 


WE have recently completed the construction of 
an infra-red spectrometer, which, by the automatic 
balancing of two beams of radiation from the same 
source, is designed to eliminate variations in the 
spectrum caused by atmospheric absorption, changes 
in source radiation intensity, and drifts in the 
electronic amplification. The infra-red absorption 
spectrum of any chemical compound can thus be 
recorded directly as percentage of radiation absorbed 
versus wave-length. If in solution, the solvent can 
be placed in the other beam, and the absorption due 
to the compound alone can thus be ascertained. 

The general principles of this method have been 
given by Wright and Herscher’ and by Baird, 
O’ Bryan, Ogden and Lee*. Radiation from the same 
source is caused to pass by two equivalent paths to the 
spectrometer entrance slit, and is interrupted: at 
10 ¢.p.s. in such a way that each beam alternately 
passes through the spectrometer entrance slit at that 
frequency. The spectrometer is of the Littrow type ; 
the radiation thus passes through the prism twice, 
giving twice the dispersion. We are using a 60 
rock-salt prism of 10 cm. base by 8 cm. height supplied 
by Sir Howard Grubb, Parsons and Co., Ltd. The 
radiation passing through the exit slit is focused by 
the condenser mirror on to the receiving element 
of a Hilger-Schwarz fast vacuum thermopile, giving 
rise to a small signal voltage. Preliminary test 
experiments have been made using a lead sulphide 
cell as the detector, and these will now be extended 
by using the Hilger thermopile as detector. 

The entrance and exit slits are a new type of our 
own design, and are opened and closed automatically 
by lever arms and cams mounted on the same gear- 
box which operates the Littrow mirror cam for wave- 
length scanning. The slits can be controlled accurately 
from zero up to 1-5 mm. 

The signal voltage from the detector is then 
amplified by a high-gain tuned A.c. amplifier, and 
rectified by mechanical switching in synchronism 
with the radiation chopper. The resulting D.c. voltage 
is then passed to a D.C. power amplifier which oper- 
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ates the balancing motor. This motor performs the 
dual purpose of balancing the radiation beams by 
means of a comb diaphragm placed in one of them, 
and of driving the pen recorder. The latter thus 
records the movement of the diaphragm and, there- 
fore, the absorption of the sample placed in the 
other beam. The pen recorder and all the mechanical 
parts are of our own design. 

The optical part and recording mechanism of the 
instrument are enclosed in a thermostatically con- 
trolled dustproof case, which can be water-cooled as 
well as electrically heated, and the source unit is 
also water-cooled. There is an inner ‘Perspex’ 
case for further protection of the prism. The whole 
unit is kept free from water vapour by means of 
drying agents, and small fans are used to circulate 
the air. The instrument is mounted on an anti- 
vibration assembly. The electronic amplifiers and 
the power supply are mounted on a rack assembly 
with switching controls on the top panel. 

Full details of the construction of this instrument 
together with performance data will be published 
shortly. 

I. A. 
W. M. 
Technical Chemistry Department, 
Royal Technical College, 
Glasgow, C.1. 
May 16. 


BROWNLIE 
CUMMING 


! Wright, N., and Herscher, L., J. Opt. Soc. Amer., 37, 211 (1947). 
* Baird, W. S., O'Bryan, H. M., Ogden, G., and Lee, D., J. Opt. Soe. 
Amer., 37, 754 (1947). 


Gauge Invariance and Rest Mass 


Ir is well known that the main difference between 
Maxwell’s equations and Proca’s' equations is that, 
whereas in the former the potentials 4, admit the 
gauge transformation 


A, — A, aA (1) 
and describe photons of zero rest mass, in the latter 
there is no such transformation of the potentials 
which describe quanta of non-zero rest mass. This is 
often taken to mean that in a gauge-invariant electro- 
dynamics the rest mass of the photon must vanish. 
In view of the preseft interest in the self-energy 
of the photon, it seems worth while to mention that 
there exist gauge-invariant wave equations which 
can describe quanta of non-zero rest mass. For 
example, the equations 

| pm 0,4, — DyAys (2 
O (f(Fpar A I - + +) + I) Fie = Jos (3) 
where f is any scalar function of the field-strengths 
and their derivatives of any order, are consistent 
with the transformation (1) of potentials and with 
the equation @’j, = 0, expressing the conservation of 
charge. It is easy to arrange for f to be small for 
slowly varying or weak fields, so that, in these limit- 
ing cases, the equations reduce to Maxwell's. But 
the arbitrary function f must contain some para- 
meters which have no counterpart in Maxwell’s equa- 
tions, and which in certain types of theory lead to 
the appearance of field quanta of non-zero rest mass. 
The interpretation of equation (3) is especially 
simple if it is linear. In this case f does not involve 
the field-strengths and can only be a function of 
the d’Alembertian, 0 = 0°d,, so that (3) can be 
thrown into the form 
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(4,0 + 1) (40 +1)... (nO + 1)OMF,, = 79,. (4) 


Thus the field in free space satisfies 
Q,0 +1)Q,0+1)...0s04+1) 0F,=0, (5) 


and the potentials A, satisfy a similar wave equation 
if they are restricted by the Lorentz condition 
0,4A* = 0. Equation (5) is of the general form of 
wave equation for a particle? which can appear in 
different states of rest mass, 0, A,~"/*, A,-1/? |. 
and under the influence of external forces wil! in 
general’ make transitions between these states. The 
generalized electrodynamics of Podolsky and Schwed 
falls into this general scheme. 

The actual problem of the self-energy of the photon 
is @ little different from this. One starts from the 
well-known set, A, of equations for a system of 
photons, electrons and heavy particles in interaction, 
and these equations are gauge-invariant. In the 
absence of free charged particles, the photons can 
be influenced by the virtual creation and annihilation 
of pairs; but, starting from A, it should be possible 
to arrive at definite equations of motion, B, for 
photons in vacuo. All that can be said with confidence 
about these equations, B, is that they must be gauge. 
invariant ; but as we have seen, this does not by 
itself imply that they cannot represent quanta with 
states of non-zero rest mass. The sort of complication 
‘epresented by equations (3) or (5) is quite in keeping 
with what would be expected from the elimination 
of virtual-pair creation; for this elimination could 
searcely be accomplished without introducing de- 
rivatives of the field-strengths. 

Now suppose that one attempts to work out the 
energy of a photon of momentum /ck in the absence 
of real charges. Since the exact solution is not 
known, the procedure must amount to taking the 
expectation value of the total Hamiltonian for some 
state which is only approximately a pure eigenstate 
and, therefore, probably has non-vanishing com- 
ponents in the subspaces corresponding to solutions 
of (3) or (5) with non-zero rest mass. In this case 
the expectation value of the energy will differ from 
he | k Therefore one should not assume that 
gauge invariance ensures that calculations of the 
finite part of the energy of.a photon, if pushed to 
high approximation, necessarily lead to the desired 
result Ac | kj. 

Actual calculations':*.? in lowest order approxima- 
tion have led to various results. I wish only to re- 
mark that the finite self-energy calculated by Went- 
zel’, being equivalent to an addition $yA,%(x) to the 
photon Hamiltonian, cannot be absorbed into the 
theory outlined above, in which the addition to the 
Hamiltonian must involve derivatives of the field- 
strengths. 

It is a pleasure to thank Prof. L. Rosenfeld for 
his interest in this work. 


K. J. Le Covureur 


Physical Laboratories, 
University, 
Manchester 13. 
May 9. 
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* Heisenberg, W., Z. Phys., 90, 209 (1934). 
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Antimalarials as Antagonists of Purines 
and Pteroylglutamic Acid 


In the course of an investigation of pyrimidine deriva- 
tives a8 antagonists of pteroylglutamic acid (P.G.A.), 
twas found that the growth of Lactobacillus casei with 
the latter in the absence of purine was inhibited by 
yearly all 2: 4-diaminopyrimidines'. Many of the 
nhibitions were shown to be reversible by (a) pteroyl- 
glutamic acid or (6) purines, or both. Further studies? 
stablished that members of the 2: 4-diamino-5- 
sryloxypyrimidines (I) were among the strongest 
nhibitors of pteroylglutamic acid examined by us. 


NH, N NH, 
a. 
Cc Cc 
H.N N NH, | \ — 
, THC 
\ | NHC >a 
N y CH, 
‘ J 
OAr CH 
| 2: 4-Diamino-5-p-chloro- CH, 
phe noxy pyrimidine Il. ‘Paludrine’ 


The formal analogy between the 2 : 4-diamino-5-p- 
hlorophenoxypyrimidine (I, Ar C,H,Cl(p) ) and 
the antimalarial drug ‘Paludrine”? (N’-p-chlorophenyl- 
N'-isopropylbiguanide) suggested the possibility that 
the latter might be an antagonist of pteroylglutamic 
acid, and conversely that the former might havé anti- 
malarial activity. Both these speculations were con- 
firmed experimentally. 

‘Paludrine’ inhibits the growth of L. casei 
inder the conditions of the test, the inhibition being 
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Fig. 1. Reversal of ‘Paludrine’ inhibition of L. casei by P.G.A. 
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2. Reversal of ‘Paludrine’ inhibition of L. casei by purines. 


Fig. 2 
*Paludrine’ hydrochloride, 0:1 mgm./ml.; P.G.A., 0-046 my/ml. 
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inhibition of L. casei by purines 


reversed by pteroylglutamic acid (Fig. 1) and by 
purine (Fig. 2). The corresponding reversal curves 
for 2: 4-diamino-5-p-chlorophenoxypyrimidine (I, 
Ar --C,H,Cl) are shown in Figs. 3 and 4. The 
inhibition produced by quinine in the same system 
is readily reversed by adenine but only partially by 
pteroylglutamic acid. 

2: 4-Diamino - 5 - p-chlorophenoxypyrimidine | (I, 
Ar C,H,Cl) was found to be active against 
Plasmodium gallinaceum infection in chicks; the 
activity was of the same order as that of quinine. 
We are indebted to J. A. Lock, of the Wellcome 
Laboratories of Tropical Medicine, London, for these 
results. 

If any correlation exists between anti-pteroyl- 
glutamic acid and antimalarial activity it is obscure, 
as is shown by the following results. 2 : 4-Diamino-5- 
p-chlorophenoxypyrimidine (I, Ar = C,H,Cl(p) ) isa 
very much stronger pteroylglutamic acid antagonist 
than is ‘Paludrine’, as may be seen from a com- 
parison of Figs. 1 and 3. It shows a lower degree 
of activity against P. gallinaceum in chicks, however. 
Further, we have examined several 2-amino-4-di- 
alkylaminoalkylaminopyrimidines (obtained from 
Prof. A. R. Todd, University of Cambridge, to whom 
our thanks are due), which are known to show quite 
marked antimalarial activity‘, but could not demon- 
strate any anti-pteroylglutamic acid activity in the 
L. casei system. 

Madinaveitia*® has shown that several synthetic anti- 
malarials are riboflavin antagonists. However, he 
was unable to demonstrate any anti-riboflavin 
activity for 2-amino-4-3-diethylamino-«-methylbutyl- 
amino-5,6-dimethylpyrimidine* or ‘Paludrine’*. 
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It was suggested by Todd et al.‘ that the anti- 
malarial activity of pyrimidine derivatives may be 
due to interference with nucleoside synthesis. This 
view finds support in the recently published observa- 
tions of Madinaveitia and Raventés*, and the results 
obtained by Hellerman, Bovarnick and Potter’. The 
present data suggest that both purines and pteroyl- 
glutamic acid may be involved in the systems affected 
by the antimalarials, but in neither case is the 
antagonism clearly of a competitive nature. 

A series of 2 : 4-diamino-5-aryloxypyrimidines has 
been prepared. These compounds, which are all 
powerful pteroylglutamic acid antagonists, are being 
examined for antimalarial activity. 

E. A. Fatco 

G. H. HitcHincs 
P. B. RUSSELL 
H. VANDERWERFF 


Wellcome Research Laboratories, 
Tuckahoe 7, New York. 
April 26. 
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Lipids of Peripheral Nerve during Wallerian 
Degeneration 


THE histological changes that follow section of a 
peripheral nerve have been described in great detail'-°. 
Hitherto, most of what we know concerning the 
nature of nerve lipids during degeneration has come 
from the use of histochemical, rather than chemical, 
methods. 

The sciatic nerve of thirty cats was sectioned at 
the level of the greater trochanter, the nerve of the 
other side serving as a control. At intervals of time 
from 4 to 96 days after the operation, the animals 
were sacrificed and the lipids of the nerve estimated 
by the micro-methods previously described*. Since 
there were great changes in both water and lipid 
content of the degenerating nerve, all results have 
been referred to unit fresh weight of the same length 
of nerve from the control side. The following changes 
were observed. 

Water Content: increased rapidly after section, 
reaching &@ maximum in four days. Thereafter the 
water content decreased steadily, and after eighty 
days it had reached the same value as that of the 
control nerve. 

Total Lipid Content: decreased steadily through- 
out the course of the degeneration. 

Neutral Fat: decreased rapidly at first, reaching 
& minimum between four and eight days after section 
The concentration of neutral fat then slowly in- 
creased, and by the end of thirty-two days it was 
the same as that of the control nerve. Even after 
ninety-six days there was no significant difference 
between the neutral fat content of control and de- 
generated nerves. 

Myelin Lipids (cerebroside, free cholesterol and 
sphingomyelin, substances which we have previously 
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suggested are the chief lipid components of {he 
myelin sheath*-*): changed little in the first eicht 
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days and thereafter decreased steadily, and to the 
same extent. After the initial fall there was |itile 
change in the concentration of neutral fat, so thar. as 
degeneration progressed, the myelin lipids accounted 
for less, and the neutral fat for more, of the total 
lipid. 


Total Cholesterol: changed little during the first 
week and then decreased, but at a slower rate than 
the myelin lipids. 

Ester Cholesterol: absent from all control nerves 
and did not appear in degenerating nerves unti! at 
least eight days after nerve section. The concentra. 
tion of ester cholesterol then increased, reaching a 
maximum by sixteen days. Thereafter the concen 
tration of ester cholesterol decreased, but more 
slowly than the concentration of the myelin lipids 
including free cholesterol, so that after eighty days 
more cholesterol was in the ester form than in the 
free. 

Total Phospholipid : decreased more slowly than 
the myelin lipids because kephalin, like sphingo- 
myelin, decreased at the same rate as the myelin 
lipids, but lecithin decreased more slowly. 

From these observations it is possible to piece 
together the changes in the distribution of lipids in a 
nerve when it undergoes Wallerian degeneration 
There is an early increase in water content and a 
reduction in the absolute amount of neutral fat 
After eight days, corresponding in time to the 
appearance of macrophages along the course of the 
degenerating nerve*.’, there is a steady decrease in 
the myelin lipids, that is, cerebroside, free cholesterol 
and sphingomyelin. These substances are presumably 
slowly hydrolysed, and the products of hydrolysis, 
for example, glycerol, fatty acid, choline, galactose, 
sphingosine and phosphate, are removed. There is, 
in addition, a hydrolysis of kephalin and a slower 
hydrolysis of lecithin. Some of the fatty acids 
liberated during hydrolysis presumably combine with 
free cholesterol to form ester cholesterol, while others 
may be converted into neutral fat. Such a process 
would explain many of the histochemical observa- 
tions made on degenerating nerve tissue. It should 
be stressed that analyses were performed on the 
whole nerve and therefore represent not only the 
lipids of myelin, but also the lipids of the axon, 
Schwann cells and connective tissue incorporated in 
the nerve trunk. 

This work was aided by a grant from the National 
Research Council of Canada. A detailed report is in 
course of preparation. 

A. C. JOHNSON 
A. R. McNaBs 
R. J. Rosstrer 
Department of Biochemistry, 
University of Western Ontario, 
London, Canada. 
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Chromatin Threads from Cell Nuclei 


Mvucuw work has been done during the last few 
years by Mirsky and Ris':* and by Claude and Potter? 
on thread-like bodies isolated from cell nuclei, such 
as those of carp erythrocytes and calf thymus. These 
bodies are sometimes called chromatin threads* and 
sometimes, as by Mirsky and Ris, more boldly and 
specifically “isolated chromosomes”. In this Lab- 
ratory we have repeated so far as possible from 
the published data the work described by these 
authors. We have not been concerned in the first 
nstance with biochemical studies‘ of these threads, 
but have tried to find if they can properly be regarded 
as chromosomes. The purpose of this note is to 
summarize the work leading to our conclusion that 
the threads are not isolated chromosomes, but are 
complex fragments of drawn-out nuclei. 

Four methods for disintegrating nuclei have been 
used: (i) the method of Claude and Potter, namely, 
grinding with sand; (ii) the method of Mirsky and 
Ris, in which a suspension of the material is placed 
ina Waring mixer, where it is subjected to the shear- 
ing action of a small propeller-like blade rotating 
at speeds up to 15,000 r.p.m. ; (ili) suspensions were 
subjected to shearing action in the narrow annulus 
between two glass cylinders of nearly equal dia- 
meters; (iv) suspensions were treated with ultra- 
sonics. Calf thymus tissue was treated by all four 
methods and chick erythrocytes by method (ii). The 
products of treatment were examined in the phase- 
contrast microscope, in the electron microscope, and 
in the ordinary microscope after fixation and staining. 
Acetic acid, acetic alcohol, osmium tetroxide and 
Maximow’s mixture (Zenker-formol-osmic) were used 
as fixatives. For examination in the light microscope, 
the material was stained with one of the following : 
acetic-orcein, Ehrlich’s hematoxylin, or Feulgen 
counter-stained with naphthol green —light-green. 
The effects of ultrasonics need be mentioned only 
briefly as they have no bearing on the main problem ; 
the nuclei were torn into fragments of various shapes, 
and Feulgen-stained material became somewhat 
diffused in the process. 

By examining samples taken at short intervals 
during treatment, the other three methods were all 
found to draw out the nuclei into thread-like forma- 
tions (Figs. 1 and 2), which later broke off as isolated 
threads. Ultimately the suspension consisted entirely 
of such threads. Further evidence has been obtained 
that the threads are fragments of drawn-out nuclei. 
In the intact nuclei of both the thymocytes (lympho- 
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Fig. 1. Electron micrograph of calf thymus nucleus after treat- 
ment in the Waring mixer 
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Fig. 2. Drawings showing type of internal structure seen in 
nuclei and protrusions 


cytes) and the larger cells (reticulum cells) of the 
thymus a certain amount of internal structure can 
be seen, and it has been noticed that during the 
earlier stages of treatment these internal structures 
proceed into the thread-like protrusions of the nuclei 
(Fig. 2). Mirsky and Ris‘ have argued that as these 
threads are of various lengths and sometimes appear 
to be double, they are isolated metaphase chromo- 
somes. However, the length depends on the method 
of production and the degree of severity of the treat- 
ment ; while the apparent double nature of some 
of them is not confirmed by examination in the 
electron microscope, which shows the threads to be 
single. 

In considering the possibility of extracting chromo- 
somes from nuclei, it should be remembered that 
thymocyte nuclei are interphase nuclei from which 
one would not expect to obtain metaphase chromo- 
somes. I conclude that the threads so far produced 
by mechanical treatment of nuclei are not chromo- 
somes. 

This work will be published in greater detail 
elsewhere. 

I am indebted to Dr. Honor B. Fell, of the Strange- 
ways Laboratory, Cambridge, and to Prof. J. T. 
Randall, for helpful discussion and advice. 

W. G. P. Lams 


Wheatstone Physics Laboratory, 
and 

Medical Research Council Biophysics Unit, 

King’s College, London, W.C.2. 
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Pharmacodynamic Action of Acetylcholine 


THE old ‘side-chain’ theory of Ehrlich placed 
unwarranted emphasis on pictorial symbols designed 
to represent molecular entities. In an interesting 
recent article, H. R. Ing! has suggested that a precise 
fit between “the drug cation and some miacro- 
molecular structure in the living cell is required if a 
high degree of activity is to be observed’’.” A similar 
preoccupation with ‘skeletal’ rather than ‘dynamic’ 
properties of autonomic drugs will be found in the 
recent speculations of Pfeiffer*?, who has suggested 
that all drugs which possess parasympathetic stimu- 
lant action contain a ketone oxygen group adjacent 
to an ether oxygen linkage with a methyl-substituted 
nitrogen at a distance of two saturated carbon atoms. 
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The term “‘prosthetic’’ employed by Pfeiffer for these 
groups is obviously unacceptable, as pointed out by 
Ing, who proposes an equally unacceptable term, 
“pharmacodynamic” group. Unfortunately, neither 
of these authors considers the dynamic aspects of 
cholinergic action. It has been shown® that cholinergic 
drugs have outstanding phase-boundary potentials 
at the interface between saline and lipoid (analogous 
to the surface of neurones). In a previous com- 
munication in Nature‘, it was reported that acetyl- 
choline produces a negative phase-boundary potential 
which can be calculated from the increase in con- 
ductivity of the oil. Additional evidence suggests 
that no other substance found in nerve is capable of 
generating sufficient phase-boundary potential to 
produce the nerve impulse. Unpublished data on 
adenosine triphosphate demonstrate that this im- 
portant metabolic agent has feeble electrogenic 
action, producing only 10 mV. on guaiacol, compared 
with 35 mV. generated by acetylcholine (both drugs 
0-05 per cent). Sodium, potassium, choline, acetate 
and other constituents of nerve have even lower 
phase-boundary potentials in artificial systems 
resembling conditions at the neuronal surface. On a 
sensitized oil surface, it is possible to measure the 
electrogenic effect of one part in several million of 
acetylcholine’. Other nerve substances are inactive 
at this concentration. 

D. B. Taylor et al.* pointed out the importance of 
the electrical charge density on the nitrogen atom 
of acetylcholine. When this charge falls too low the 
molecule becomes inactive. These considerations are 
based on Pauling’s’ estimation of the charge- 
distributing effect of ionic covalent resonance in the 
N—H bonds of the ammonium ion. Taylor and 
associates have published tables showing that physio- 
logical effects of onium compounds run parallel with 
dipole moments and dissociation constants of corre- 
sponding acids. It is reasonable to suppose that these 
factors determine the ionization in the lipoid phase 
of the living cell, and thereby generate the phase- 
boundary potential (pharmacodynamic action). 
According to the theory of phase-boundary potential, 
this negative electricity generated by the drug pro- 
duces the physiological effect. Since the nerve 
impulses are negative charges, it is not surprising 
that negatively chargegl drugs will alter autonomic 
functions in the living organism. We have found* 
that molecular alterations like substitution of ethyl 
for methyl have marked effects on the phase-boundary 
potential of drugs. 0-0027 M Tetra-ethyl-ammonium 
bromide gives a potential of 74 mV. on guaiacol, 
in contrast to only 20 mV. generated by the methyl 
salt. Thus it is possible that the cationic heads and 
five-atom chains which Ing finds important in the 
‘structure’ of drugs are nothing more than additional 
factors determining lipoid-solubility and degree of 
ionization in the oil. 

Ing suggests that nicotinic action requires a mole- 
cule with smaller cationic head than that giving 
muscarinic action. Pfeiffer imagines that the nicotinic 
effect is produced by the onium moiety, while the 
oxygenated end is endowed with muscarinic proper- 
ties (thus the vasodilatation produced by the O—C—O 
group in acetylcholine is analogous to the action of 
earbon dioxide having a similar ‘structure’). Here 


again these authors neglect the lipoid-solubility 
factor. It has been shown’ that nicotine has 
unusual solubility characteristics, dissolving in 


triglyceride oils in which most cholinergic drugs are 
insoluble. 
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The i ; “receptor spot’’ to fit the cationic 
head of Ing and the “prosthetic group” of Pfeiffer 
were suggested by Clark'*, who supposed that the 
entire surface of a cellular membrane must be 
covered by a continuous layer of drug molecules. An 
elementary consideration of electrical poter tial 
measured across lipoid layers will show that area js 
not important. In other words, the potential measured 
between the inside and outside of a membrane is not 
determined by the surface area on each side. ‘his 
can be shown in a suitable model", consisting of a 
wide glass cup with a capillary tube in the centre, 
in which acetylcholine gives the same potential on 
the extended oil layer in the cup as on the restricted 
oil surface on the capillary tube. 

The mode of action of drugs which block adrenergic 
action (dibenamine) and cholinergic action (curare) 
appears to be a phase-boundary potential based on 
differential solubility in oils. Thus adrenergic block. 
ing agents are soluble in the same oils as epinephrine’, 
while cholinergic-blocking agents have the solubility 
characteristics of acetylcholine. In fact, curare pro- 
duces almost the same extraordinary negativity as 
acetylcholine", suggesting competitive inhibition. 
Welsh supposes that some receptor cells contain a 
plethora of acetylcholine, and blocking agents like 
tri-ethyl acetylcholine are imagined to reduce th: 
large (inhibiting) concentration of acetylcholine to a 
lower (stimulating) level. There is no 
evidence to support that hypothesis. 
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lon Exchange and Fibre Contraction 


Ir has been shown! that birefringent fully swollen 
calcium alginate fibres of 0-4 mm. diameter contract 
on replacing the bifunctional calcium ion by the mono- 
functional sodium ion. Ingersoll and Johnson suggest’, 
inter alia, that the contraction is due to osmotic 
de-swelling rather than to devulcanization brought 
about by ionic exchange’. This explanation is un- 
acceptable for the reasons below. 

The phenomenon is not one simply of initial loss 
of water and consecutive swelling, for, during the 
shortening, the weight of some fibres either does not 
change® or else it increases‘; for example, if calcium 
alginate is treated with 1 N solutions of sodium 
carbonate or chloride, the weight of the axially con- 
tracted fibres increases up to 40 per cent. In the 
tests with sodium chloride solution the contraction 
was relatively small (5-10 per cent, depending on 
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fibre diameter), but the volume and length of the 
shortened fibres remained constant for many hours. 
The increase in volume of the fibres on contraction 
js due to the fact that the devulcanized alginate 
has @ greater affinity for water than the fully cross- 
linked material (experiments dealing with the swelling 
of mixed calcium-sodium alginate will be published 
elsewhere). 

Change of shape in the drying of fibrous calcium 
alginate gels is strongly anisotropic, the percentage 
decrease in fibre diameter being larger than that in 
length (~ 9/1 for a 50 per cent loss of gel water for 
fibres of the diameter quoted above; and an axial 
contraction of 20 per cent, if due to de-swelling, 
would correspond to 85 per cent desiccation). In 
jonic exchange, on the other hand, the anisotropy 
is reversed. Again, the birefringence of these calcium 
alginate fibres increases on de-swelling® from 1-5 x 10-4 
10-*, whereas, in the shortening and radial 
swelling caused by the calcium — sodium exchange, 
it disappears'. All this indicates that the chain 
configurational entropy decreases in the synzresis of 
fibrous calcium alginate. 

The facts of calcium — sodium interchange and of 
similar metatheses are abundantly proved chemico- 
analytically*.? ; and a close parallelism exists between 
the measured rate of contraction of swollen alginate 
fibres and the analytically determined rate of ion 
exchange’. Shape changes are brought about only 
by ions incapable of sufficient cross-linking, for ex- 
ample, lithium, sodium and potassium ions, and not 
by such polyfunctional ions as hydrogen, silver, 
calcium, cupric and aluminium ions. Fully swollen 
calcium alginate fibres rinsed with 3M dextrose or 
glycerol show neither radial nor axial contraction ; 
on treatment with 5N calcium chloride, there is no 
change in length, birefringence and translucency, 


to ~ 6 x 


stiffness increases, and the linear coefficient of ex- 
pansion («) appears small and positive. But if the 


fibre is devulcanized by exchanging the cross-linking 
calcium ions for sodium ions, the stiffness decreases 
very markedly, transparency develops, while « 
changes sign and increases numerically. 

With the aid of a high-power X-ray generator®, the 
diffraction patterns (copper Ka) were determined® of 
the following materials: (1) fully swollen calcium 
alginate fibre, (2) calcium — sodium alginate in the con- 
tractile phase, (3) swollen sodium alginate as obtained 
by decalcification of (1). Whereas air-dried tensed 
fibres yield X-radiograms indicating a structure 
essentially that of alginic acid, previously studied by 
Astbury’*, the patterns from (1)-(3) differ little from 
that of water alone save in the central area relating 
to spacings larger than 6 A. Swollen calcium alginate 
fibres, when stretched, show no appreciable change 
in X-ray diffraction effects (though polarization 
optics is probably more sensitive), but tensed dried 
fibres show markedly improved crystallite orientation. 
The small-angle scattering of monochromatized X- 
rays from (1) and (3) reveals a change in texture, 
replacement of bifunctional calcium ions by mono- 
functional sodium ions decreasing the size of discrete 
or ordered zones, and yielding a looser quasi-liquid 
structure for (3) clearly due to some cross-link rup- 
ture", Finally, the suggested mechanism which 
relates rupture of cross-links to increased mobility 
resulting in glassification, shortening, etc., accords 
with that explaining phenomena noted in n-aliphatic 
long-chain compounds", cellulose derivatives"*, 
collagen‘, or in the extensive observations of the 
Leeds Schools on keratins'®. 
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The study of alginate fibres has been taken 
up because a stoichiometrically well-defined highly 
swollen state, permitting of sufficient movement 
of chain segments and therefore of entropy varia- 
tion, is easily attained; and controlled removal 
of ionic cross-links of graded length and polarity 
is brought about by known metatheses. This 
enables one to relate the physical and mechano- 
chemical effects to specified changes in analytical 
composition. We hope that the results of these 
experiments will have a bearing on biologically 
important swollen gels of relatively high water 
content. 

I. MACARTHUR 
Department of Biomolecular Structure, 
University of Leeds. 
J. L. MONGAR 
A. WaSSERMANN 
University College, 
London. 
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* Private communication from Drs. K. J. Palmer and F. T. Jones, 
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* MacArthur, Mongar and Wassermann (to be published elsewhere). 
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Rate of Hzmolysis by Saponins 


ALL techniques employed for the estimation of the 
hemolytic activity of saponins are minor variations 
of Kobert’s classic dilutions method!. This empirical 
estimation is subject to great variability, different 
bloods giving markedly different values. A reference 
product proposed for standardizing results was found 
unsuitable*. A volumetric method was proposed for 
digitonin by Schmidt-Tomé*; but it is tedious and 
seems unsuitable for slow-reacting saponins. 

Isotony was considered an essential condition for 
the estimation of saponins by hemolysis. But in 
reality hypertony in itself does not cause any 
hemolysis, neither does it modify saponin hemolysis. 
By increasing the density of the saponin solution, a 
suspension of erythrocytes can be superposed without 
mixing. Then, on standing, sedimentation of the 
erythrocytes will occur. In suitable conditions, the 
rate of incorporation of the erythrocytes into the 
saponin solution is less than that of complete reaction 
between saponin and erythrocytes (cholesterol), 
hemolysis continuing until the drug is exhausted. 
In consequence, there will be a linear relationship 
between the quantity of saponin and that of liberated 
hemoglobin, which can easily be estimated by 
measuring its colour after discarding the residual 
erythrocytes. 

The density of the saponin solution must be of 
about 1-020. A 3 per cent sodium chloride solution, 
alone or mixed with a 1/15 volume of 0-2 M phosphate 
buffer‘ of pH 7, has been employed as solvent. Short 
test-tubes of about 15 mm. diameter are the most 
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suitable for 5-ml. volumes of both saponin solution 
and the suspension of erythrocytes. The latter is 
prepared with blood washed once with saline and 
diluted with saline to about 3 per cent (33 volumes 
of suspension for each volume of blood); 2 ml. of 
formaldehyde per litre of saline acts as a good preserv- 
ative of the erythrocytes. 

One volume of the suspension of erythrocytes is 
placed upon one volume of the saponin solution. For 
this purpose the tube containing the latter is held in an 
inclined position while the suspension of erythrocytes 
is delivered slowly from a pipette, the tip of which is 
touching the wall of the tube near the liquid level. 
Two perfectly defined layers will result. On stand- 
ing, the lower layer reddens progressively and then 
becomes turbid through the excess of descending 
erythrocytes, usually within two hours. After this 
time (or longer if necessary ; in any case a delay of 
some hours has no effect), mix and filter through two 
thicknesses of hardened filter paper or centrifuge 
until a clear liquid is obtained in which hamoglobin 
can be estimated by its colour. 

Digitonin (Roche) liberated from twenty oxalated 
human bloods 90 (84-95) mgm. hemoglobin per 
mgm. of drug, from three rat bloods 88-92 mgm., 
from three guinea pig bloods 77-84 mgm., and from 
one rabbit blood 78 mgm. Irregular results have 
been obtained with some samples of defibrinated 
sheep blood. The establishment of the ‘hemoglobin 
equivalent’ for digitonin of other animal bloods would 
be of interest. Sapindus saponin (Merck) liberated 
from human blood 200 mgm. hemoglobin per mgm. 
of drug, the ratio of the hemoglobin equivalent, 
Sapindus saponin/digitonin being in inverse propor- 
tion to their molecular weights. A ‘Saponin gereinigt’ 
(Kahlbaum) liberated 60 mgm. hemoglobin/mgm. 
Although this is a slow-reacting saponin, the value 
at 37° C. was identical with that at room temperature 
(about 17°C.), this constancy indicating the pos- 
sibilities of the procedure. 

The hxemoglobin/saponin relation is linear within 
wide limits. I have tested digitonin in quantities 
ranging from 0-01 to 0-5 mgm. (in the latter case 
addition of a second volume of the suspension of 
erythrocytes was necessary). For the correct estima- 
tion of small liberations of hemoglobin it may be im- 
portant to have a blank. However, any hemolysis 
resulting in a hemoglobin concentration less than 
about 15 mgm. per cent will be of doubtful value. The 
same linear relationship has been obtained with 
different quantities of the saponins mentioned above, 
and of an extract of Hepatica triloba Chaix., in spite 
of the latter being a very slow-reacting saponin. A 
detailed report, together with further investigations 
in progress, will be published elsewhere. 

A concentration of the order of 2 mgm. per cent 
is optimal for digitonin estimations and may serve 
for most saponins. By this method I have developed 
an improved micro-method for the estimation of free 
and esterified cholesterol in serum. This method 
may contribute to = U-tter knowledge of the process 
of saponin he :siysis. 

A. SOLs 

Instituto de Fisiologia, 

Facultad de Medicina, 

Barcelona. 
Jan. 24. 
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Preparation of some Crystalline 
Sedrahen Zeolites 


WHEN crystalline zeolites (natrolite, analcite, 
chabazite and the like) are treated with acids, instead 
of undergoing base exchange in the sense 

M+ 2 H*, 
they decompose, eventually giving amorphous g 
For this reason, no method has hitherto been dis 
covered for producing crystalline hydrogen zeolites. 
This note directs attention to a new procedure which, 
although not of universal applicability, yields 
crystalline hydrogen-zeolites in certain instances. 

The dehydrated powdered zeolite was first bathed 
in ammonium chloride vapour in sealed glass tubes 
at temperatures of ~ 300° C. One or two such treat 
ments each of one day duration was normally enough 
for a very complete exchange. This method appears 
to have been originated by Clark and Steiger 

It was then discovered that if some, but not all, 
of these ammonium zeolites were thoroughly out- 
gassed and heated with oxygen at high temperatures 
(for example, 350° C.), an intracrystalline reaction 
occurred between the interstitial ammonium cations 
and oxygen. The pressure drop when reaction ceased 
was that anticipated from : 


4 (—O-...NH,*) + 30, = 4 (~OH) + 6H,O + 2N,. 


Water, however, if allowed to accumulate, retarded 
reaction; and eventually droplets of water con. 
densed on the colder part of the apparatus. Oxidation 
was therefore carried out stepwise, each oxidation 
stage being followed by a thorough outgassing, until 
it was finally estimated from the total pressure drop 
in the successive steps and from the cessation of 
further reaction that oxidation was nearly complete. 

The reaction was studied using as typical zeolites 
ammonium-analcite, -mordenite and -chabazite. Of 
these the first does not occlude oxygen but the last two 
do so freely, chabazite having the more open interstitial 
structure. Corresponding to this, ammonium-analcite 
could not be oxidized, but ammonium-mordenite and 
-chabazite did react with oxygen, and of these latter 
two ammonium-chabazite seemed the more reactive. 
Thus the behaviour in reaction parallels the behaviour 
in sorption and molecular sieve action. One would 
then expect that the method would give hydrogen- 
zeolites for chabazite, mordenite, gmelinite, levyn'+e 
and similar robust anionic network structures having 
adequate interstitial volume, but not for zeolites 
which cannot occlude oxygen, whether of robust 
framework, fibrous or lamellar types*. The hydrogen- 
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zeolites are effectively crystalline aluminosilicic 
acids’, the ‘salts’ of which are their diverse cation 
exchange products. 

Hvdrogen-mordenite and -chabazite gave X-ray 
powder photographs characteristic of the parent 
minerals. They were excellent sorbents, as the typical 
sotherms of oxygen in hydrogen-chabazite show (see 
graph). Moreover, by thus oxidizing away part of 
the interstitial substance of the crystal, the molecular 
sieve behaviour was considerably altered. A more 
rapid uptake of propane occurred in hydrogen- 
chabazite than in natural chabazite; and whereas 
this gas was excluded by natural mordenite, it was 
ecluded, although slowly, by hydrogen-mordenite. 
n. M. BARRER 
Chemistry Department, 








Marischal College, 
University, Aberdeen. 
Feb. 2. 
For example, Amer. J. Sci., (iv), 8, 245 (1899); 
1900). Z. anory. Chem., 23, 135 (1900) 


For a survey of sorptive characteristics of zeolites, see Barrer, R. M., 
Ann. Rep. Chem. Soc., 41, 31 (1944) 


(iv), 9, 117, 345 


Evaluation of the Force Constants of Bonds 
Involving Hydrogen Atoms 


THE problem of calculating the force constants of 


onds involving hydrogen atoms is of some import- 
To a first approximation, the hydrogen atom 
may be assumed to be vibrating against an infinite 
with this approximation, all increments in 
the frequency of a given linkage produced by different 
molecular residues would be due to variations in the 
stretching constant of the X—-H bond. This is 
certainly not true, and it would be convenient to 
have available some simple procedure for estimating 
how far variations in frequency are due to kinetic 
coupling with overlapping co-ordinates. 

Wilson’s method! of factoring out high frequencies 
from the secular equation can be adapted to yield a 
solution for these high frequencies, by factoring out 
the residual frequencies. Where there is only one 
high frequency, vi, the corresponding force constant 
is given by the following expression : 


dij (JA’I/[AI]Pa, (1) 


| 


ance. 


MASS ; 


where A’ is the residual matrix? derived from A by 
striking out the row and column for vj. This approx- 
imation corresponds to the residual co-ordinates re- 
maining rigid in vj; it is not particularly satisfactory. 
Wilson’s method of treating the high frequencies is 
to equate all residual force constants to zero; this 
does not allow for any kinetic coupling with the 
residual co-ordinates. 

The best approximation appears to be that derived 
from the application of first-order perturbation theory. 
This gives for the kth root of the secular equation 
x= [BxBei/(Bex — Bii) }, (2) 

k 


itzk 


a Bex 


where B is the matrix product dA ; the term following 
the summation sign is the first-order perturbation 
correction for kinetic coupling. For group frequencies, 
where the overlap with other co-ordinates is relatively 
unimportant, the off-diagonal elements are small and 
the above gives a fair approximation to the root. For 
linkages involving hydrogen, the approximation is 
good; it is convenient to neglect off-diagonal 
elements of d, when (2) reduces to the following : 


te = {Ape + 2 Atalee - i) }dii}dee, (3) 
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where approximate values suffice for the dj and 
(?z— i). The constant d;,z for the group frequency 
is then readily estimated; alternatively, the fre- 
quency-shift for different overlapping co-ordinates 
may be predicted. 

This approximation does not involve the setting up 
of the complete kinetic-energy matrix; only the 
co-ordinate for the group frequency, and those which 
overlap it, need be written down, and the elements 
Aye and the non-zero Aj evaluated from them ; 
there will not usually be more than four terms in 
the sum. 

I wish to express my gratitude to Courtaulds, 
Ltd., for making the present programme of work 
possible. 

P. TORKINGTON 
Physical Chemistry Laboratory, 
Oxford. 
Jan. 27. 
' Wilson, E. B., fun., J. Chem. Phys., 9, 76 (1491). 
* Torkington, P., Nature, 162, 370 (1948). 


Structure of the Hypophosphate lon 


THE structure of the hypophosphate ion has been 
the subject of speculation and controversy since 
hypophosphoric acid was discovered by Salzer! in 
1877. Bell and Sugden? showed conclusively that the 
salts which they studied were not derived from an 
acid of the simple structure H,PO,; and of the 
possible dimeric formule for the acid, formula I can 
be rejected for reasons already recorded‘, 


HO Oo OH HO OH 
‘ e ; / ‘\ : 4 ‘ J, 
P P O—P—P—-O 
HO oO OH HO OH 
I il 
HO OH 
O—P—O Pp 
HO OH 


It 


The main arguments concerning the other two 
possible structures have been brought forward by 
Nylén and Stelling’ and Blaser and Halpern‘, who 
favour II and III respectively. 

We have examined the salt (NH,),H,P,0, by X-ray 
methods, and we find that it is orthorhombic with 
a = 7:26, b = 11-47, c = 9-38 A.; the unit cell con- 
tains four molecules and the space-group is Pccn. 
If, as seems most reasonable, we accept that the 
structure contains H,P,O, ions, these ions must lie 
on special positions of the space-group Pccn, that is, 
either on centres of symmetry or on two-fold axes 
parallel to [c]. This is impossible with ions the 
structure of which corresponds to III, and formula II 
thus remains as the only acceptable structure. 

B. RAIsTRICK 
E. Hosss 
Research Department, 
Albright and Wilson, Ltd., 
Oldbury, Birmingham. 
Jan. 26. 
' Salzer, T., Lieb. Ann., 187, 322 (1877). 
* Bell, F., and Sugden, 8., J. Chem. Soc., 48 (1933). 
* Nylén, P., and Stelling, O., Z. anorg. Chem., 212, 169 (1933); 218, 
301 (1934). Nylén, P., Z. anorg. Chem., 229, 36 (1936). 
* Blaser, B., and Halpern, P., Z. anorg. Chem., 215, 33 (1933). 
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GROUND-WAVE PROPAGATION ACROSS A LAND/SEA BOUNDARY 


100-m. Waves 


N a previous letter’, I described an experiment on 

a wave-length of 4 m. in which a predicted recovery 
on crossing a land/sea boundary was obtained. As 
there indicated, this phenomenon may be of great 
practical importance on longer waves, and since the 
theory is not completely rigid, it was felt desirable to 
make an experiment on a wave-length of about 
100 m. where the land curve in the diffraction region 
is twice as steep as the sea curve. 

This has now been done at my suggestion by Mr. 
G. A. Isted, of Marconi’s Wireless Telegraph Co., 
Ltd. The theory suggests that the recovery should 
be fully developed, and of the order of 10 db., when 
the boundary is 100 km. from the transmitter, and 
that the maximum should then occur at about 25 km. 
beyond the boundary. Of the possible regular sea 
routes, the most suitable was the Newhaven—Dieppe 
crossing of 120 km.; for the line of this route pro- 
duced backwards passes reasonably near the Radio 
Research Station at Slough, 87-5 km. inland. Here, 
through the kindness of Dr. R. L. Smith-Rose, of the 
Department of Scientific and Industrial Research, 
we were able to use a pulse transmitter which radiated 
10 kW. from a specially erected quarter-wave vertical 
aerial on a frequency of 3-13 Mc./s. (? 96 m.), 
giving a field-strength at Newhaven of about 
80 uV./m., which was ample for our purpose. Pulses 
were necessary to isolate the ground-wave signal 
from the first-order Z-layer reflexion, which even in 
the day-time would be of comparable strength at a 
distance of 100 km. 

A Marconi TME.18 field-strength measuring set 
with a loop aerial, and fitted with a miniature 
cathode ray oscilloscope, was used along the land 


path. Permission was then kindly granted to install 
it in the wheelhouse of the paquebot Londres, where 
a vertical aerial from the masthead was coupled into 
the set by a special unit in place of the loop. This 
was essential, as the local disturbance in the field 
was too great for the reliable use of the loop. It was, 
in fact, impossible to calibrate the vertical aerial 
against the loop on board, so that the land value at 
Newhaven had to be used as a reference. 

The results are shown in the accompanying graph. 
The land values agree well with the assumption that 
the average conductivity is 10-'* E.M.U., the dis. 
crepancies being attributable to the unevenness of 
the ground, and to local disturbances revealed by 
very poor bearings. The sea-values show the expected 
recovery, and it will be seen that the field-strength 
at Dieppe is actually greater than at Newhaven. 
The values on the return journey are the more 
reliable as it was possible to overcome some cali- 
bration difficulties that caused small uncertainties on 
the outward run. The readings throughout were 
taken to the nearest decibel. 

In computing the oversea curve, allowance has been 
made for the fact that the transmitter was somewhat 
to the side of the Newhaven-—Dieppe line, so that the 
land path changed during the sea passage, causing a 
total increase of about 10 km. due to the interposition 
of the Beachy Head promontory. This had the effect 
of reducing the recovery by 2 db. 

The results confirm that, within the limits of such 
experimental conditions, the method given in my 
paper? is also correct on this longer wave, and hence 
probably at all wave-lengths. Only by very specially 
controlled experiments would it be possible to 
investigate any standing waves before the boundary 
that might be indicated by a complete theory. 

It is intended to publish these re- 
sults and those of the previous 4-m. 
experiment in more detail at a later 
date, with full acknowledgments to al! 
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who helped to make them possible. 
| G. MILLINGTON 
| Research Division, 

Marconi’s Wireless Telegraph 

Co., Ltd., 

— Gt. Baddow, Essex. 
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inward run. 42 = 96 m. (3°13 Me./s.); P = 10 kW. 
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* Nature, 163, 128 (1949). 
* Proc. Inst. Elect. Eng., 96, Pt. III, 53 (1949). 


300-m. Waves 


In a recent letter’, Millington has 
published the results of an experi- 
ment designed to test his theory*® of 
the propagation of radio waves over a 
‘mixed path’ consisting partly of land 
and partly of sea. Using a wave- 
length of about 4 metres, he obtained 
excellent confirmation of the occur- 
rence of a recovery of field-strength 
after leaving land and passing over sea. 
230 This remarkable phenomenon, pre- 
dicted by his theory, owes its existence 
to a vertical redistribution of energy 
near the coastline. Such redistribution 
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is inevitable, because the field must vary with height 
in a different way on the two sides of the boundary. 

The height-gain function depends on the complex 
Brewster angle for reflexion at the air-ground inter- 
face, and is of a different general form, depending on 
whether the ground is primarily a conductor or 
primarily a dielectric. For a wave-length of 4 metres, 
the land is approaching its dielectric characteristics, 
while for the greater part of the range of wave- 
lengths used in communications and broadcasting 
25 m.) the land behaves mainly as an imperfect 
conductor. The sea is a quasi-conductor except at 
microwave-lengths and less. It is therefore desirable 
to attempt to verify Millington’s prediction of the 
recovery effect at a wave-length for which both land 
and sea are essentially conducting. 

Such an experiment was made on March 3 of this 
year. The transmitter used was at Crowborough, 
operating on a frequency of 1,122 ke./s., and a special 
transmission of a tone-modulated continuous-wave 
signal was provided. Relative field-strengths were 
measured at quarter-minute intervals by means of a 
calibrated gain-stabilized receiver operated in a York 
aircraft, fitted with a 9-ft. high vertical whip antenna. 
The aircraft was flown at a height of 1,000 ft. above 
mean sea-level along the mixed path shown in Fig. 1, 
navigational data being provided by frequent visual 
fixes or Gee readings. 

The results of the experiment are shown in Fig. 2, in 
which it is seen that there was a major recovery effect 
in field-strength at twenty-five miles beyond the coast- 
line. This was satisfactorily confirmed by a second 
series of measurements made over the portion PR on 
the return journey. The solid curve in Fig. 2 is the 
theoretical curve based on Millington’s theory for 
assumed conductivities of 10-'* E.mM.v. for the land 
and 4 10-" g.m.v. for the sea. The curve has been 
adjusted in relative field-strength to provide a fit 
along the land portion, and a small correction 
2-6 db.) has been applied over the land to allow for 
the height of the aircraft, the corresponding correction 
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over the sea being negligible. The terrain of East 
Anglia was chosen specially on account of its flatness, 
so that irregularities in the measured values over 
land cannot be attributed to the topography. The 
increased rate of attenuation along the portion of the 
path extending 30 miles inland from the coast may 
be attributed to a lower value of ground conductivity 
(nearer 10-14 E.M.U.), as previously noted by Millington 
(see ref. 2, p. 61, fig. 9). It is intended to make allow- 
ance for this in a fuller paper to be published later. Any 
interference pattern due to sky-wave would have an 
average spatial period of a mile along the path used 
and would be effectively smoothed out. 

An interesting feature of the results is the small re- 
covery effect, quite unlooked for, at a distance of about 
thirty-five miles. The navigational data show that 
this corresponds to the Thames estuary, which was 
crossed at Mucking Flats, where the direction of the 
estuary lies along the course for a distance of about 
five miles. No allowance has been made for this in 
the theoretical curve. 

The experimental results demonstrate clearly the 
occurrence of the recovery effect on passing from 
land to sea at medium wave-lengths, and thus confirm 
in general outline the prediction of Millington’s 
theory under the conditions in which it is likely to 
have important consequences in broadcasting prac- 
tice. Discussion of the details of the phenomenon 
must await further experimental investigation. 

I am indebted to Mr. G. Millington for showing me 
an early draft of his paper’, which led to the initiation 
of this work. Special thanks are due to Mr. C. 
Williams and the crew of the aircraft for services 
provided by the Royal Aircraft Establishment, and 
to the Diplomatic Wireless Service of the Foreign 
Office for the provision of special transmissions from 


Crowborough. 
This work forms part of a programme of radio 
research at the Cavendish Laboratory, Cambridge, 


supported by the Department of Scientific and 
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Industrial Research ; I am the present holder of the 
Oliver Lodge Research Scholarship of the Institution 
of Electrical Engineers. 
N. Exson 
Cavendish Laboratory, 
Cambridge. 
May 24. 
Millington, G., Nature, 163, 128 (1949) 
* Millington, G., Proc. Inst. Elect. Eng., 96, Pt. LIT, 53 (1949). 


HYPERFINE STRUCTURE OF THE 
PARAMAGNETIC RESONANCE 
SPECTRUM OF DIVALENT COBALT 


Experimental 


 SOLLOWING a private communication from Dr. 
R. P. Penrose’ of his discovery at Leyden of a 
hyperfine structure in the paramagnetic resonance 
spectrum of a diluted copper Tutton salt, a systematic 
survey has been carried out on a similar salt of 
cobalt. The divalent cobalt ion is interesting because 
the orbital momentum of the electrons is only incom. 
pletely quenched, and previous work? had shown that 
the effective g-value is abnormally high. The spin 
lattice relaxation time is so short that an appreciable 
broadening of the lines is produced at 90° K., and 
most of the experiments have therefore been made 
at 20° K. 

To obtain good resolution, it is necessary to 
reduce the line-width due to spin-spin interaction 
by using very dilute salts. Some crystals were 
grown of zinc ammonium sulphate containing less 
than 0-1 per cent of the corresponding cobalt 
salt, which gave a half-width of about 7 gauss at 
half-intensity. A rough calculation shows that most 
of this is due to the magnetic moments of the twelve 
protons in the octahedron of water molecules sur- 
rounding the divalent cobalt ion. Further dilution 
would therefore result in a reduction of intensity with- 
out gain in resolution. 

The measurements were made at 3 cm. 
length, using an improved version of the apparatus 
previously described*, in which the paramagnetic 
crystal could be rotated through 360° in situ. This 
increases the accuracy of setting the crystal, and 
enables the measurements to be made in about a 
tenth of the time required earlier. 

The crystal used contained only about 10-* gm. of 
cobalt, and to detect the weak absorption lines the 
sensitivity of the apparatus was enhanced by modu- 
lating the external magnetic field at 50 c./s. to a 
depth of 100 gauss and displaying the amplified out- 
put from the silicon—tungsten rectifier on a cathode 
ray tube. 

The absorption lines were about thirty times noise, 
and it was estimated that lines with a peak imaginary 
susceptibility of about 10-* could be detected ; most 
of the noise arose from flicker effect in the silicon— 
tungsten rectifier, and it is anticipated that the 
sensitivity of the method can be materially improved 
by using a superheterodyne receiver. 

As expected from previous work on the copper 
Tutton salts‘, two types of paramagnetic ions can be 
distinguished, each subject to identical crystalline 
fields of tetragonal symmetry, but with 
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different orientation of the axes. Only one electronic 
transition of each ion was observed, and the absorp 
tion line was split up into eight components of equal 
intensity. This confirms the previous determinations$.*, 
from the optical spectrum, of J = 7/2 as the nuclear 
spin of cobalt’. The variation of the hypertine 
structure with the direction of the external magnetic 
field is shown in Fig. | for the plane containing th: 
axes K, and K, of principal magnetic susceptibility, 
and the tetragonal axes which each make an angle 
of 33° with K,, which lies in the erystallographi: 
ac-plane. The two ions have reflexional symmetry 
with regard to this plane. The overall width of the 
hyperfine structure has a maximum value of 0-67 kilo. 
gauss at an angle of 57° to a tetragonal axis, falling 
to 0-56 and 0-14 kilogauss parallel and perpendicular 
to this axis respectively. The lines are not equally 
spaced, and five of the lines appear to cross over as 
the direction of the magnetic field is varied through 
the normal to the tetragonal axis. These effects are 
probably due to the fact that at the wave-length 
used (3-52 cm.) the magnetic field is not strong 
enough for the spectrum to correspond exactly to the 
Back — Goudsmit region in hyperfine structure. 

Measurements in the planes (K, K,), (K, K,) and 
one plane normal to a tetragonal axis show that both 
the g-values and the hyperfine structure have tetra- 
gonal symmetry within the experimental error 
Owing to the width of the hyperfine structure and 
its unequal spacing, precise determination of the 
electronic g-values is difficult ; but the extreme values 
are approximately 6-2 and 3-0 parallel and _per- 
pendicular to a tetragonal axis respectively. More 
accurate values should be obtained from measure 
ments at 1-3 em. wave-length now in hand. 

On reducing the temperature from 20° K. to 14° K., 
no narrowing of the lines could be observed, indicating 
that the spin lattice relaxation time (p) is longer 
than 10-? sec. As the temperature rises above 20° K.., 
however, the lines broaden and their intensity falls 
below the limits of detection. Measurement of the 
width of the lines in an undiluted crystal of cobalt 
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ammonium sulphate shows that p is about 0-5 
sec. at 90° K. 

Preliminary measurements on very dilute crystals 
of manganese ammonium sulphate and manganese 
fluosilicate show that the hyperfine structure 
splitting is of the same order (0-1 cm.-") as the 
splitting of the electronic levels, making the 
analysis very complicated. A crystal of neodymium 
ethyl sulphate gave a strong broad absorption line 
flanked by a number of weak lines, the overall 
splitting being 1-5 kilogauss. The hyperfine structure 
in this salt is presumably to be attributed to the odd 
isotopes of mass 143 and 145. It is obvious that 
measurements of this kind will yield an accurate 
determination of the spins of the nuclei of para- 
magnetic ions, and, when several isotopes are present, 
an estimate of the relative magnetic moments. 
Further refinement of the sensitivity should make it 
possible to detect the effects due to rare isotopes 
produced artificially. 

' We would like to express our thanks to Lord 
Cherwell for making available the facilities for carry- 
ing out these experiments. 
B. BLEANEY 
D. J. E. INGRaM 
Clarendon Laboratory, 
Oxford. 
March 9. 


163, 992 (1949) ] 


Penrose, { Nature 
Bagguley, Bleaney, Griffiths, Penrose and Plumpton, Proc. Phys. 
Soe., 61, 551 (1948) 
jleaney and Penrose, Proc. Phys. Soc., 60, 395 (1948). 
‘Bleaney, Penrose and Plumpton, Proc. Roy. Soc. (in the press) 


More, Phys. Rer., 46, 470 (1934). 
*Rasmussen, Z. Phys., 102, 229 (1936) 


Theory 


THE magnetic properties of cobalt salts have been 
studied theoretically by Schlapp and Penney under 
the assumption that there is one ion in the unit cell. 
To account for the anisotropy of the susceptibility, 
with three different principal values, they had to 
assume that the cobalt ion was acted upon by a field of 
predominantly cubic symmetry on which was super- 
posed a field of lower (rhombic) symmetry, but were not 
able to draw any definite conclusions. The discovery 
by Bleaney and Ingram that in cobalt ammonium 
sulphate, with two ions in the unit cell, each ion has 
completely axial symmetry, within the experimental 
error, makes it possible to draw more detailed con- 
clusions from their general theory. 

The free Cot++ ion is in a ‘F state. In an electric 
field of cubic symmetry such as that produced by a 
surrounding octahedron of water molecules, the seven- 
fold orbital degeneracy is split into two triplets and 
a singlet, a triplet lying lowest (some 10‘ cm.-! below 
the next triplet). If, as is usual with the Tutton 
salts, it be assumed that the octahedron is not quite 
regular, but that two opposite vertices are slightly 
pulled out, then an additional field of tetragonal 
symmetry must be superposed on the cubic field ; 
this splits the triplet into a singlet and a doublet. 
Bleaney and Ingram’s results can be interpreted on 
the supposition that this tetragonal splitting is 


smaller than the splitting due to the spin-orbit 
coupling. The combined effect of the two is partially 
to remove the residual orbital and spin degeneracy, 
the lowest level being a doublet (Kramers’s degeneracy ) 
some 300 cm.-! below the next doublet. 
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In a magnetic field H the degeneracy is completely 
removed, the two levels being separated by an energy 
g3H, % being the Bohr magnetron and g the effective 
Landé factor of the ion, in the lowest state. Calcula- 
tions indicate that g should vary with orientation of 
the magnetic field according to the law 


g gi? cos? 6 g,* sin? 6, (1) 


6 being the angle between the field and the tetra- 
gonal axis of the ion, and that g; and g, should 
approximately satisfy the relation R 
gy + 292 13. (2) 
Fig. 2 shows the experimental values of g* plotted 
against cos? §. It will be noticed that, in accordance 
with (1), the points lie satisfactorily on a straight 
line. The experimental values of g; and g, are 
respectively 6-2 and 3-0, which give 


9 + 292 12-2, 


reasonably close to 13. 

The hyperfine structure of the resonance line arises 
from the magnetic interaction between the ion and 
its nucleus. In a sufficiently strong field the ion may 
be regarded as giving rise to a magnetic field at its 
centre, the direction of which, and to some extent 
its magnitude, depend on the direction of the applied 
field. In this field, which is much stronger than the 
externally applied field of about a kilogauss, the 
nucleus can take a number (27 + 1 = 8) of quantized 
orientations of different energies. In an electronic 
transition, such as is observed in the resonance ex- 
periment, the internal magnetic field is reversed, the 
nuclear spin orientation remaining unchanged. The 
energy difference between the two electronic states 
is therefore different for the eight orientations of the 
nucleus, and this gives rise to the eight lines. If the 
applied field is very large, the lines should be nearly 
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equally spaced. For the fields actually employed, 
however, a deviation from equal spacing is to be 
expected. This is expressed by the following approx- 
imate formule, applicable to directions parallel and 
perpendicular to the tetragonal axis, for the resonant 
magnetic field corresponding to a given frequency, v. 


‘ 2 aon 
gully at t I ur? M 
_ P 4 
2 Q? (ur—3)2 6 (9 4 M2). 
7 ; hy 7 
Ay 4Q —_ (3) 
g, A, -~ + = ur? M 
8 i 
l o—-. 6 
(P? + Q*) (ur-*)? 9 M?®). 
7 @ hy ‘ j~ 
M j=). & , See 7/2, 


where u is the magnetic moment of the nucleus, (7—) is 
the mean of the inverse cube of the distance from 
the nucleus of the electrons in the magnetic 3d-state 
in the ion, and P, Q are non-dimensional constants 
closely connected with the g-values. For intermediate 
directions of the magnetic field there are correspond- 
ingly more complicated formule. 

The overall splitting depends on the orientation 
of the magnetic field according to the law 


n Q%9,? sin? Q)'’2 
7 oe 


On Fig. 2, g*(AH)? is also plotted against cos? 6. It 
will be observed that the points lie reasonably on a 
straight line, confirming (4). 

The experimental values of the splitting indicate 
that the ratio of P to Q is approximately 8. Prelim- 
inary calculations suggest that P = 1-5-2, while 
Q 0-2-0-5. These values, taken together with the 
known value of 2-3 nuclear magnetons for u, lead to 
a reasonable value of r-*, when the experimental 
values are fitted to (4). They also make it under- 
standable that the lines appear to cross over when the 
crystal is turned near 6 = 90°; this effect is implicit 
in the quadratic terms of (3) which, relative to the 
linear terms (with respect to WZ), are 260 times more 
important in the perpendicular than in the parallel 
direction. The tendency to cross over should diminish 
with increasing frequency, and conversely. 

Any possible effects of nuclear quadrupole moment 
have not been considered here. They would lead to 
unequal spacing of the lines, which would show no 
tendency to decrease with increasing frequency. 

It is to be remarked that the small splitting of 
the basic orbital triplet which results from the tetra- 
gonal crystalline field arises from an almost complete 
cancellation of the effects of the second- and fourth- 
order terms in the power series expansion of the 
potential. As these terms vary differently with the 
lattice spacing, the tetragonal splitting may be ex- 
pected to be sensitive to details of the crystal 
structure. This, no doubt, accounts for the consider- 
able variation in susceptibility among the various 
cobalt salts. 

This work will be reported upon more fully else- 
where. 





urs (Pi? cost 8 


AH (4) 


M. H. L. Pryce 
Clarendon Laboratory, 
Oxford. 
March 9. 


*Schlapp, R., and Penney, W. G., Phys. Rev., 42, 666 (1932). 
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THE CIBA FOUNDATION 


"THE centre of the Ciba Foundation at 41 Portland 

Place, London, W.1, was opened by Sir Henry 
Dale on June 22. This Foundation is, we believe. 
unique in conception and purpose. 

The ideal of free flow and inter-communication 
of results of research in medicine and chemistry js 
very far from realization. The impediments normally 
present in the way of full collaboration are those of 
professional jealousy, indifference between academic 
and commercial spheres, trade competition and 
secrecy, languages, national prejudices, political and 
economical factors, distance, and so on. Such impedi- 
ments become insurmountable barriers in the ruth- 
lessness of war and when national fears exact secrecy, 

The directors of the well-known firm of Ciba, of 
Basle, with its subsidiaries throughout the world, had 
forced on them during the Second World War the 
realization of the waste and redundancy in research 
occasioned by concealment and difficulties of com. 
munication, and recognized the potential vigour of 
research when international cross-fertilization could 
take place, as exemplified in Anglo-American scientific 
co-operation. In consultation with Mr. Raymond 
Needham, legal adviser of the Company, it was 
agreed to endow an institution to encourage, so far as 
possible, personal meetings of research workers from 
all over the world, the informal interchange of 
information, and the spirit of co-operation in medical 
and chemical research. 

The Ciba Foundation in London is the result. The 
financial support of the institution is provided by 
Ciba, Ltd., Basle; but the Foundation has been 
registered as a charitable trust, with sole power of 
administration in the hands of the trustees, who are 
Lord Horder, Lord Beveridge, Prof. E. D. Adrian 
and Mr. Raymond Needham, K.C. 

At the opening ceremony, Dr. Max Hartmann, 
head of the Pharmaceutical Department of Ciba, said 
that the days when an individual could work on 
problems such as cancer, tuberculosis, virus diseases, 
rheumatism, obesity and mental diseases with any 
hope of success are past. Methods drawn from every 
branch of physics, chemistry, pharmacology, and so 
on, are used to such an extent that only team-work 
can bring practical results in a reasonable period of 
time ; nor can collaboration be confined to those 
working in laboratories ; nothing is possible without 
the clinician. To promote free interchange of know- 
ledge in medical and chemical! research, the Ciba 
Foundation had therefore been established. In placing it 
in London, they honoured British research workers ; and 
they recognized that English had become the scientific 
language of the world, and that the scientific publica- 
tions of the English-speaking world are pre-eminent. 
It had been established in no spirit of forgetfulness of 
the great work being done by the Medical Research 
Council ; Sir Edward Mellanby had been consulted, 
and had confirmed the need for such an institution. 

Lord Horder remarked that the clinician is in- 
tended to be a leading partner in the Foundation, 
and commented on the importance in modern medi- 
cine not only of the research chemist, but also of the 
manufacturing chemist. 

Sir Henry Dale warmly welcomed this step toward 
co-operation between the research organisations of 
the pharmaceutical industry, the workers in medical 
research in university laboratories and in the hospitals, 
and the practising members of the medical profession 
‘who have the supreme responsibility of making the 
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results available for the relief of illness and restoration 
of health”. He hoped that any medical research 
workers who still possess an attitude of exaggerated 
sspicion or patronage of those who work in 
gsociation with industrial production would be 
encouraged to rid themselves of such prejudices, and 
that the industrial firms would do much more to 
remove the barriers of secrecy between competitive 
mits. ‘The progressive perversion of scientific dis- 
sveries to the purposes of destruction, and the 
encr¢ aachment of secrecy, made more urgently 
gecessary the need “‘to keep open, to widen, and to 
multiply the legitimate channels of international 
mderstanding and co-operation in science”. He 
neognized the appropriateness of the inspiration for 
the conception of such a centre arising in Switzerland, 
the chosen home of the international spirit in medical 
wtivity”’, and rejoiced in the compliment to Britain 
snd to London, in its establishment here. 

In order not to dissipate its energies, the Founda- 
tion will at first devote its attention to problems con- 
erned with steroid hormones, and the reference 
ibrary will first be made as complete as possible in 
this respect. 

Informal conferences, with ample opportunity for 
sientific workers invited as resident guests to take 
part in private discussion, will be held four or five 
times @ year on chosen subjects. In addition, dis- 
tinguished men of science will be asked to the Founda- 
tion to lecture to invited audiences. There is a room 
available for medical film displays. 

The Foundation will further encourage international 
co-operation by helping, with fellowships and grants, 
research workers to work in countries other than their 
own. A new journal of the Foundation will report the 
proceedings of conferences, lectures, and original work 
done with the support of the Foundation. 

The accommodation, for residence or for meetings, 
will be available, on repayment in certain instances, 
and at the discretion of the secretary, to nominees of 
the Medical Research Council, British universities, 
research associations, and scientific societies, when 
not required for the Foundation’s own purposes. 

It is hoped that the Ciba Foundation will prove of 
real value in furthering friendly, personal collabora- 
tion and interchange of information, in promoting 
sientific research and strengthening international 
fellowship. 


No. 4159 





G. E, W. WoLsTENHOLME 
(Secretary to the Executive Council) 


ORIGIN AND FORMATION OF 
COMETS 


N a recent paper “‘On the Origin of Comets’”’ (Mon. 

Not. Roy. Astro. Soc., 108, 6; 1948), R. A. 
Lyttleton discusses a new theory of the origin of 
comets as the result of the passage of the sun through 
a cloud of interstellar dust. When such particles of 
dust enter the gravitational field of the sun, they 
converge to the ‘accretion axis’, which is the line 
through the centre of the sun parallel to the direction 
of motion of the cloud, and every particle will 
describe a hyperbolic orbit intersecting this axis. 

The situation provides favourable opportunities for 
collisions at and near the axis, and when any two 
particles collide, a portion of their kinetic energy of 
relative motion is transformed into internal energy 
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and heats the material. If the velocities of collision 
are too high, complete vaporization will occur, and 
hence it is essential that, for the capture of material 
in the solid form, there should be a limit to the 
velocities of collision. It is shown that there is a 
lower limit of about 20 astronomical units at which 
material in suitable form can be captured, and the 
accretion process itself sets up an upper limit of 
about 1,000/v? astronomical units, where v km./sec. 
is the velocity of the typical particle. Matter distri- 
buted around the axis at a distance greater than this 
flows away, and at a less distance it flows towards 
the sun. Internal gravitation is responsible for the 
stream dividing into separate segments that contract 
lengthwise, the resulting aggregations being identified 
with the comets. 

The disruptive field of the sun sets a limit to the 
initial mass of an aggregation, and certain quanti- 
tative results calculated for the masses of the 
aggregations agree reasonably well with estimates of 
the masses of comets—Halley’s Comet, in particular. 
It is believed that, as a result of the passage of the 
sun through a cloud of moderate dimensions, several 
thousand comets might be formed ; and if the theory 
is correct, it seems that comets must be the most 
numerous celestial objects in the universe, assuming 
that many of the stars have also acquired comets in 
@ similar manner. 

The centre of the solar system is not, of course, 
the centre of the sun, and hence, in falling towards 
the former, the aggregations will possess angular 
momentum about the centre of the sun, but their 
initial orbits will necessarily be almost line-ellipses. 
Subsequent perturbations by stars passing within 
about 10,000 astronomical units from the sun occur 
and will be most effective when the comet is far from 
the sun. If the comet thus perturbed has not a 
sufficiently small perihelion distance, it will not be 
visible ; and it is shown that if the comet afterwards 
comes near enough to the sun to be visible, its 
eccentricity will exceed 0-8, so that the new orbit 
will still be nearly parabolic. 

It is important to notice that the theory confirms 
what has been conjectured for many years—that the 
comets and planets represent two solar families having 
essentially different origins. 


THE FOREST OF AE, DUMFRIES 


T has long been a dream of the forest officer in 

charge of considerable areas of more or less out-of- 
the-way forests in the British Commonwealth to 
ensure having available a labour force to carry out 
the ever-recurring works in the area, and to establish 
one or more forest villages entirely under his own 
sway which would ensure a certain permanency of 
labour. This object has not always been understood 
by the administrative officers responsible for the 
government of the region, and the forest officer has 
been regarded with suspicion as endeavouring to get 
a section of the population under his own administra- 
tive charge. This has been the case where there have 
been large existing forests. 

In the present forestry position in Great Britain, 
this reason does not apply. The forests have to be 
created, often in situations where population is scanty, 
and towns and their amenities are distant. Here 
the establishment of the forest village becomes an 
essential. Moreover, British habits with the clearance 
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of the forests from the countryside and the growth of 
industrial conditions and their populations have 
resulted in the presence of a people in whom all forestry 
instincts and forestry sense have long disappeared. 
One of the methods of giving birth once again to this 
intuitive forestry sense in the countryside—newly 
created into a forest countryside—is to gather the 
indispenable labour supply into forest villages fully 
equipped with all the amenities in the modern sense. 

A new village of this type is being built in the 
Forest of Ae*. The forest is situated in Dumfries- 
shire in the beautiful southern uplands some ten 
miles north of Dumfries. The village takes its name 
from the Water of Ae, a tributary of the Annan. The 
Forest of Ae is the first new forest in Scotland which 
has required a new village to be built to house its 
workers, though it is unlikely that it will be the last. 

The oldest plantations are now twenty years old. 
The forest covers an area of 10,683 acres. Some of 
this land will be maintained under agriculture ; the 
rest is at present regarded as lying too high to be 
plantable, that is to say, above 1,200 ft. The total 
planted area amounts to 3,000 acres, and another 
4,500 remains to be planted. It is estimated that by 
1960 about ninety men will be required for all-year 
forest work. In addition, others will be employed in 
saw milling, transport and other jobs. The houses in 
the village are well spaced, each with a garden, and 
there is a good road system. Trees and flowering 
shrubs are being planted in appropriate sites. Up to 
date, fourteen houses have been built which it is 
hoped will be occupied by the end of this summer. It 
is intended to put up eighty houses, spread over the 
next ten years. Provision has been made for a school 
and a church, and also for an inn and some sort of 
communal club. 

In this village will grow up a new population in 
whom that forest sense, long lost in Great Britain, 
will once again be reborn. E. P. STEBBING 


* Forestry Commission. Britain’s Forests: Forest of Ae. (London: 


H.M. Stationery Office, 1948.) 


FORTHCOMING EVENT 


Thursday, July 21 


” RoyAL Society oF TROPICAm MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at 7.30 p.m.—Dr. Arnaldo 
Gabaldon (Venezuela): “The Mass Control of Malaria with the New 
Insecticides”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

LECTURERS (2) IN CHEMISTRY, and a LECTURER IN BIOLOGY—The 
Clerk to the Governors, Woolwich Polytechnic, Woolwich, London, 
8.E.18 (July 23). 

Puysicist to undertake work on problems connected with the 
K nitting [Industry—The Secretary, Hosiery and Allied Trades Research 
Association, Thorneywood House, 4 First Avenue, Sherwood Rise 
Nottingham (July 23). 

B1OCHEMIST to assist in researches in the biochemistry of lactation— 
The Secretary, National Institute for Research in Dairying, Shinfield, 
Reading, Berks (July 23). 

JUNIOR FELLOW or ASSISTANT LECTURER or LECTURER IN AERO- 
NAUTICAL ENGINEERING—The Secretary and Registrar, The Univer- 
sity, Bristol (July 23). 

STATISTICIANS in the Rast African High Commission—The Director 
of Recruitment, Colonial Office, Sanctuary Buildings, Great Smith 
Street, London, 5.W.1 (July 23). 

ASSISTANT EXPERIMENTAL OFFICER in the Entomological Laboratory, 
to assist in recording and compiling research data on fruit peste— 
The Secretary, East Malling Research Station, East Malling, Maid- 
stone, Kent (July 26). 

PRINCIPAL OF THE DACCA ENGINEERING COLLEGE—The Office of 
the High Commissioner for Pakistan, 36 Lowndes Square, London, 
8.W.1 (July 27). 
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Senrork LInstrverors (2, one in Civil and the other in Military 
Engineering), at the School of Mili Engineering at Sialkot—The 
Office of the High Commissioner for kistan, 36 Lowndes Square, 
London, 8.W.1 (July 27). 

ASSISTANT IN RESEARCH in electron microscopy—The Secretary, 
Department of Physics, Cavendish Laboratory, Free Schoo! Lane, 
Cambridge (July 27). 

RESEARCH ASSISTANT IN COMPUTATION in the Department of Mathe. 
matics, and a LECTURER or ASSISTANT LECTURER IN APPLIED Matug. 
MATICS—The Registrar, The University, Sheffield (July 30). 

LECTURER (A) IN GEOGRAPHY at Farouk I University, Alexandria 
—The Director, Egyptian Education Bureau, 4 Chesterfield Garc& ns, 
London, W.1 (July 30). 

LECTURER IN THE LEPARTMENT OF AGRICULTURAL BOTANY—The 
ey and Registrar, University College of North Wales, Bangor 
(July 30). 

MECHANICAL ENGINEERS (Senior Experimental Officer or Experi. 
mental Officer grade, unestablished) at a Ministry of Supply Research 
and Development Kstablishment in the south of England, to run exper 
mental workshop engaged in modification of earth-moving equipment 
and maintenance of all types of such plant—The Ministry of Labour 
and National Service, Technical and Scientific Register (K), York 
House, Kingsway, London, W.C.2, quoting C.387/49A (July | 

LECTURER IN POULTRY HUSBANDRY at the Shropshire Farm 
Institute, Walford, near Baschurch—The Secretary for Education, 
County Buildings, Shrewsbury (July 30). 

LECTURER IN BIOCHEMISTRY—The Secretary, The University, 
Aberdeen (July 31). 

ASSISTANTS (4) IN PHILOSOPHY (one in the Department of Logie 
and three in the Department of Moral Philcsophy)—The Secretary, 
The University, Edinburgh (July 31). 

READER IN PHYSIOLOGY in the Medical School of King’s College— 
The Registrar, University Office, 23 St. Thomas’s Street, Newcastle 
upon-Tyne (August !). 

LECTURER IN HUMAN PHYSIOLOGY, and a LECTURER IN EXPERL 
MENTAL PHYSIOLOGY—The Registrar, The University, Manchester 13 
(August 5). 

DEMONSTRATOR IN AGRICULTURAL CHEMISTRY—The Registrar, 
The University, Leeds 2 (August 6). 

RESEARCH OFFICER IN THE DIVISION OF INDUSTRIAL CHEMISTRY, 
Commonwealth Scientific and Industrial Research Organisation, te 
carry out research in the field of vacuum ultra-violet spectroscopy— 
The Chief Scientific Liaison Officer, Australian Scientific Research 
Liaison Office, Africa House, Kingsway, London, W.C.2, quoting 
No. 2294 (August 6). 

SENIOR LECTURER or LECTURER IN PSYCHOLOGY at University 
College. Canberra, Australia—The Secretary, Association of Univer- 
sities of the British Commonwealth, 5 Gordon Square, London, W.C.1 
(August 15). 

ASSISTANT LECTURER IN THE DEPARTMENT OF ELECTRICAL ENGIY- 
EERING, on the heavy current side—The Secretary, University College, 
Gower Street, London, W.C.1 (August 15). 

CHAIR OF PuyYsics at the University of Sydney—The Secretary, 
Association of Universities of the British Commonwealth, 5 Gordon 
Square, London, W.C.1 (Sydney, August 31). 

Youne Maw (with an honours degree in chemistry) for micro 
biological research—The Secretary, Wright-Flemi Institute of 
Microbiology, St. Mary’s Hospital Medical Sc , Paddingtos, 


he Medical 
y, Empire Rheumatism Council, Tavistock House (North), 
Tavistock Square, London, W.C.1. 

DRAUGHTSMAN IN THE DEPARTMENT OF GEOGRAPHY—The Sec! 4 
University College, Gower Street, London, W.C.1, quoting Coes 

ASSISTANT PROFESSOR OF PHARMACOLOGY—The Dean, D: 
Medical School, Halifax, Nova Scotia, Canada. 

DEMONSTRATOR IN ZOOLOGY, and a GRADUATE (woman) IN CHEM 
ISTRY as trainee in the micro-analysis of organic compounds— 
Registrar, The University, Notti 4 

ASSISTANT IN THE APPLIED SCIENCE DEPARTMENT—The Clerk tf 
the Governors, Wolverhampton and Staffordshire Technical College, 
Wulfruna Street, Wolverhampton. 

GRADUATE ASSISTANT IN THE CHEMISTRY DEPARTMENT—The Prin- 
cipal, North Staffordshire Technical College, Stoke-on-Trent. 

CHAIR OF AIRCRAFT PROPULSION—The Registrar, College of Aero- 
nautics, Cranfield, Bletchley, Bucks. : 

SENIOR PLANT PATHOLOGIST, a SENIOR PLANT BREEDER, a SOW 
CHEMIST, an AGRONOMIST, a JUNIOR PATHOLOGIST, a JUNIOR PLAST 
BREEDER, a PLANT PHYSIOLOGIST, an ENTOMOLOGIST, and an INSECT- 
1CIDE CHEMIST, in the West African Research Institute, Accra, Gold 
Coast—The Director of Recruitment, Colonial Office, Westminster, 
London, 3.W.1. 

Sor TECHNOLOGIST by the Government of Iraq for the Direc torate- 
General of Agriculture—The Crown Agents for the Colonies, 4 Millbank, 
London, 8.W.1, quoting M.N.14628/3F. \ 

LECTURER IN ZOOLOGY—The Dean of Arts and Science, University 
of Alberta, Edmonton, Alba., Canada. 

Scientists (with chemical and/or botanical qualifications) for an 
investigation into the uptake of nuclear fission products by marine 
alge—The Secretary, ttish Seaweed Research Association, 2% 
Rutland Street, Edinburgh 1. 

ScIENTIFIC ASSISTANT—The Commonwealth Bureau of Animal 
Health, Veterinary Laboratory, New Haw, Weybridge. 

ELECTRICAL AND MECHANICAL ENGINEER to the Equatoria Pro 
Board, Anglo-Egyptian Sudan—The Sudan Agent in London, Welling- 
ton House, Buckingham Gate, London, 8.W.1, endorsed ‘“Equatoria . 

ELECTRICAL ENGINEER in the Public Utilities Department, Gambia 
—The Director of Recruitment, Colonial Office, Sanctuary Buildings, 
Great Smith Street, London, 8.W.1, quoting No. 27326/26. 

CHIEF MECHANICAL AND ELECTRICAL ENGINEER by the Directorate 
General of Municipalities, Ministry of Interior, Government of Iraq— 
The Crown Agents for the Colonies, 4 Millbank, London, 5.W.1, 
quoting M.N.24754. 

LECTURER IN MATHEMATICS, to teach Intermediate and Final Degree 
students—The Clerk to the Governors, Battersea Polytechnic, Batter 
sea, London, 5 W.11. 
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